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APPENDIX 11. 

Tabh* gitiiKj the -tizes of I'orioux n'irea which will he fiiseil hy n gicun 
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APPENDIX III. 

EULES FOE ELECTEIC LIGHT AND POWEE INSTALLATIONS. 


liECOMMENDET) EOli ACCICPTANCE HY MKMREP.S OF THE CALCUTTA 
FIRE .VSSI'IIANX'E AdENTS' ASSOCIATIO.S. 

1.—CoNlmCTOES. 

(a) .\111'ondiiofors arc to be of (iimcd coiijiit, of al least, 98 jicr cent, con- 
(luclitily. Their Uccuoiial area mn.^t be sneh as to allow 
ConduoliTity amibwe. m no (a-ic more than l,tiCb ampire.s ])i’r s<|uaro inch tor 
,ow tension currents, or 55D ainpi res per sc|u.iro inch for hisli tension currents. 

In rcelioning the current to be carried by any coinlnclor, every eurreiil-eon- 
mining a|iparatiis on that eiren.t must be ealeuliiic.l as biiins at its maximum 
lOad, and no lamp may lie taten a- beina of b-s Ibaii 10 candle-poner. 

(!)) Cotidiiclors shall, aji.u-l Irom Ihe above eniisuler.ilioiis, hoof such size 
Hull nhen the inaxiiiinm current is ]iiisdiig coniinucusly 
Timiiernuire liiml. (Inoin;!) them llieir temperatni'e shall not e\eeed 180' 
Fabr. Owing to Ihe high I cm pi nil i ires lo nliicli coiubicter.s are sulijeeled by the 
Induiti cliniale, it. mil pr.b.ibly lie iici-cssary in some eases to use a lower eiirreut 
deiisily than lh.it staled aleive, as the cl. civic hcalini' slioiihl In-practically nil.^ 
le) No Iiluslraiidcd (Omliiehir sinallcr ihaii No. 18 S.W.G. nor larger than 
No. 10 H-W.il. may he used, except that in fillings 
itaiiire (it ivnvs. i„.aTii hcs I'.ir not more than one hiinp single wires of 

not less than No. 2il S. W Ci may he usd. 

(d) In addition to the above pivcaiilious, the fall ol pressure m jirtvate 
Ii..,.e„t r.mssmv m ch- houses lielwciai the iiiaiti sn .IcU-lmard and the furihest 
.1,ami's" ' lamp must not cu'ccd 2 per cent, under full load. 


II.—I.SSUT .VTION. 

(ill All eoiiduciors used tr,side hnildingsmnst he insnlated, and the iiisnhited 
' cahic must he covered in. except where these rules speci- 

Ceninil. liritlv slate to the contrary or the penuissiun of the 

.Association has been obtained to .1.1 olhormse. - 

(//) All iu:iteri.il.s used lor iiisiilaliiig electric lines or .ajiparatiis ninst be of 
' ' " l,csl iiualily and lliorouglily dutalde and dlicinnt, 

Naluie cl lusalaiicn. b.ivmg regard 10 llie conditions of its use. Suitable 
provisioninust beinailo for ihe piMt.Ttion of the insulaling uiaierial from injury 
bv tl.iiiip. vermin, or otln r e!iu^e> i . i t 

ir) Whirr such enble used tlialihe mainUmaDce of it Munilation depends 
' ' „j,oii an outer covenn^' of Icinl or olln‘r material, great 

l.«Tnl ooivreil f.ibic'. to ['roleot exi)ased ends of eouduetor-? 

from the access of damp al the ]ioint9 where they enter luc terminals ol any 

apparntnm^ iusiilaiisn resistance of eonduet.irs must ho in no ease less than 
' 75(1 me.goliiiis per mile for use in dry pdaees and l,l)00 

'Jiia'it.'. me.gohmb jier mile for damp places. 


III.— Joints. 

(n) Joints ahoiild be avoided as far as po.ssilile. Wbero neeess.iry, they 
iniisl bo nieeUanicnlly and eloelrually perfect, and in ail 
CipucTul. soltlered niili ro<m a^ a {lux. 

The nroleetivo eovering over Ihe ruhher iiiiisl he nrinned for at least 2 iiielics 
oneai-li sideof the .joint and the rubber Inperod down so as to ensure a good 
union. They inn.st Im carefully insulated with at le.ast h hips ol pure rubber and 
(bon water-proof la]'e. 
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WPENPIS. 


(Z<) In damp places or in ororv plaro wlioro llio prc^snro is ovor 200 rolls U 
is rcc'oihiinMMksl tlial ibo joints bo vub-auisod, thuiiyh this 
is iio< eoni]mlsory. 


Viilcuuistil joints. 


TV.—CoNcrNTiao C'»Kor(’Tons. 

Those should oonforin to ilio ruh'v l*iul doun Tor '•I'lolc ii'iidiicl«»vs ; the insula¬ 
tion resistance of the lunor dioleci I'tc must lie al let::-: 750 uk j>or iiiilo. 

V.—Fi-J.xnJLJ- T\mn Co>:i-r( ti.'Ks. 

Tfrin floxihlo must not be used < \i'<'jit Nir pr nd iHN snul portul'u (ittiti;^s. 

AYlicre it IS nri e'-s.iiy to 11 M llcxdilc in a jutii e nlure i: i- haMr (o damp or 
abrasion it must be ui (he Iv'i (|u,ili:\ «.f ih.i; e'as rli. ii-Kie ;\\o eunduetors are 
covered oNerlo make a single iin iilav ^'ord. 

Fur iise on volt ;| is inipn.iliie Uiat the Ir^hesl tjuality only be 

Used, and the radial ihieknO''' of il e liii le> tin Uve t n-jt be h.-vs tliau JO mils 


A’l.—(IrvrKAL AmxcL'Mi ms n Ixstat ? at(o\s. 


(rt) A smule ]'ole suitihand a 'in-jlr jK>l" nit-cut l.i- jilai-cd on on<li 

„ ^ , , ]'Ole <0 the jiiHat .'I «• •U'ueinMi o) . 11 , ii;-.l-.l!:iin)n with the 

siHii (•('01 v’i j.j.iA. I lit sc mii'i he ijimiiKi u CM an me.mi- 
bust tide base, the eonncel ioi s biin; ns v.Diji),- ,• s j' • l^l<‘ ),\|>i>'cd cciidnetim' 

tnelal Jiarts (if diiVereiil pcbtrit;^ cn'••aiti b-ln ; r K mw-- In '('ivua'ed b\ an iin-'.ni 
bustiblc ])aHitiou. or pim cim lily mcii'iO d cn dilii r- i.t ba 

SWilelieS may be iinkc:! tc'.ciin'r by j-naMs ci a bai <•! a- 

(/;) from the mam s.mc.I.-Iv arj ibc lu-t am! si!.> 

0110 u' iticiv eii I 111! , (■•'! :i , .ijc 
mi.! sw ih lle^. lu e. m\ - m 
tliesc eoiiduetiArs beitu; Ive])! tiitin-ly in'e fr. m ymit’. a: 
points single lain}) 1 ri ml'■'Insild be nai as jcMiiired, bci 


ki pi \\( 11 ajiii'l. The 

;i'y mat. I lat. 

,!i; "I Wiling 5 * to run 
d CM belli p tics by 
(i. iribuNi!:’ ceiilres. 


not inort‘than 650 AY.itls niay be 1 iheii oil wi'li a' h w pi; 
Joints ro/'fc shculd be 'js'iu liv aicnhd wIhh die 
containing sev<Tal I-ier\ smli hran-h c-i'.'Uit 

cul-out on each pole and a r I il }0 du' (h^i; .luj;;. , j, 

be kept Oi) sopaiate bast' at Ica.'t ;> imh"'. aji.tif ,\!l 
guished by a lettir or uutnber at llio Jl'inl uiiiig 
easily trautd on the winng plan. 

('t Tills sv'tiin 

Where adopted, fuse'nin-' In imicriuccd m ea.b 
each ])roteejs tln‘smal'c'. I'ram-lj bciwecu j; and tin 
of llic circuit as the case may )>c. 

to} Sw iti lies liiU'l 


lappMij; !•’lolll tiie^i* 
mid! CM cud' c.irryiiiL; 
pc-'-t'li- in tlicin 


cm! 'll 


imi-i I'c ic 
Me. nil I ill-' 

, !l ( ' .sici! 

in-aid lu ctnblc 

not I'ccciiimended 


ilr 


a liiung 
lied by il 
' pi'lcs ninsl 
d dr <lis?jn- 
iliem tu b<' 


for 


w inng 


pclc 


^U(h Inicrvals ih.-it 


ia'\‘ tn.'C (.r up lo tiie end 




to! lie jilnecd ‘lU (he third wire 
unless tliey are linked with ihc.sc on the culera, 


TIL—J'iljncTlKG CuNhUcToIis. 


Am-fisibililr 
(£>; Exicpt where 
llannor of placiiiK. 


(e) All cciidmiors should. Bn fai- as jmssible, be 
arranged sothai they can in-ni'pcelctl easily, 
laid down to the eciitrary m these rule--', eondueiors must 
be eitlicr eiKlosed in Wood e.iSilig or aji]>ruYcd ineom- 
bustiblc tube.s. 


Vlll.—AV oOIX.'ASINO SYSTl'il. 

(a) Wood casing must, bn of dry well ficasonetl h-ak and enaicd bolli insido 
. . and out with a m-imlm’e-^naKjt \aini'li in-fore erection. 

Mnpranita. Il must Iwivc a Coiniiiuous eeuiial tilletof not less ihau 

i ineb width in any ease and i iaeh C</r mams. The capping must be Kcrewed 
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down aiilic side-', lira-'S nscd in )d;uHs lo d mip. Joiula 

111 ilic faslni^ sh<iu!<l bi‘ m.-i'l" .-ind piii'ifd; wh'-ir ili,- c-i id!' liinis a 

sJiarp rjuni..] i.iki-ii li''i ;h<-In.-.iiliiU'.ii i,-U'li cui by duirp 

aiii(h's oi' pmjrdi.niri jii iliv 

{/>) ‘i 4 bir< I'l iil ''.i in lie* saiiH’ <.f xvood 

C.I' ill i ' jn I |••^L .iiu! win i’“ ! In- jii*! •• ''ii •' i - a\ i r 201 ) 

Buncliins. T'Jt' n-' I'nn. ii.’, !! lx nil -'a rd, n;.,J 

-ic'l. ( vCi ,.l !li \[ iiM l.,i 1 '111- N 

(c) WlnTi' roTidmdois ] I ‘•'‘ii.iir.,!i 11*- ', vn.i ?i) tn- 

odi V ..iijii' -ii 1 inl'i- ,'AlM-ii -li Ml iii;,-,! II, uf'.T- 

Passiiih" nir-'nK'i'v.iUs, Wi'O- 'v.iih ui'y u h-T -uiLifiU' njuiinbu-'libU' 

f U l.'l l‘M 

[«) If tubi'S uvo U'Cil. Id'V n,n I’-'Mr i n • o '-'r •'i-i nu (-‘.l. and TTlny 

!i 1\.I'lt.!■ I-' !i’m .. .M !i |\ ..-.d, a iKMi- 

Tul'i''jvsirin. ' ii'i -'.If! ' .i'-* di»i’i ,-.j On - r n; ' b' ilr.iwu 

IK.'I '•!) ■ l lb. s'.i, i> t .t.x 1 ,, If . flu) j!,,. 

iii-nl,i(ion i.f llu''i ^"m i,' n, jrJ I',m. ilu-y 

iMii lie V. itii'iv'MM . A> M.'ri'i'i il i'l , I. I!--. , I 1~ , ii'i 1 1,1' u'rniy. 

and 11" I• 'iII!fi' ‘di'' 'I' 1.1'' ini' . .it'J < * i' ; ^. i "j.% ^ • ij 11,^ • jn~jji'cltoii 
bfiin; U'od \.i‘- llii'"' i'ur;) ".•■ 

It til" .''y^!L■lJi I .‘iti'iiMi' inri'Aii' !>''!• i" , -in -7 nr ’.!''rdiii one 

- -I I , , . 1 

('■i h* >!.-'• ri'( 1 'M.'I ' b ii’.r.. '!] 'AmJ-j ..IV not re- 


X—rNT\i >'i P( •M.r.'-'" in'.. 


Subii-.;: ;.)thr jvi'nnv. i"ii »ii--A-^* i'n'l! 'n i‘i.”v<‘n^'. im.id '-a'lDuMnay 
ln‘ di'in-n-id idu I'f .'Vi.ii’d di '* dir r.-n Irr'n"- r i i i , .,s -v l-'-isf i 2 f.“'! froui 
Ibr tl>rl' ir 1.1 ,1)' brsi 'i',' and 'h.i'." r.. Hi t ;)i un v‘"'ili." w idii.u! a la idrr. Jn 

all sui il iMM"? lb" f'-n lui t'li’H ni'i l lx-r-f'i-m ■/1 lam or rUe 

'iijiji'nr.loii and Ind'l ilnu II l'\'<d<'I* ■. 'r:*' tiir \ vv a*. FUrli dis- 

laiirc-apart ;c' 1" [.r'''.-'nl ‘ Miii'l.ii- .U''* !>.•!.pi! aifirt Croin 

till- alicllirr. an'l ar.\ *■' !i<'i • "ll•t>•r7,^^ r u• t i a r !>;' .il • •' h'. i.i ^ far i iniii au‘l 

2 hi- ins l>i Ml 'll I ■ j I ‘ ' r do;id ;• 1 li"-r '.I.h < \\ i i a tin- |■.r"«ul‘r is 

IiiLdu-r t!nu 2‘K)\uil-j.-i'id j.-rno a-'ii i * dir -r .id-iry iiU' iiarn j^ivrn. 
Wood ra^Mi^ I." inv an.ildy n-'-I in •-a rii-nt'' oi 'n/,i rdoiH 

rtdvs aiv n^rd lo-'di'.' vi.r. i;-''d lidioi’ w liri tlui! r d'l^t. may Lr p-'r-i'Ut 
III llir lur in ijUaUsU} 

\'l.—i’.TlJ’Y ''.Vath 

"Whciv emdurtor'-li.mr to na" tii-'inph ]>ari\ or dillM"nwalI^ la-^wrcn fwu 
l■i^ks, p(*nin>-'i.)n inii'! in- lir-t i;nvji |iy ttir A'M.ciaiioti. and tl-.r omdiiL'ini-N min^t 
be .so run Lliai a live caiinut bi- euiuiuuiHi Jtrd by mraiis of iln-m. 


XTT.—rviiTniNH, 

Ko riirtbin;; or ronnrclion of umdurlor.s to "r wultr injvs is all.^wod 
wiilioul i>crmu>ion oi'llio A-''.ori.ilioii. 

^ XHT.— I’lTTJNCi.'* 

All ciit-oui?, orili!ij;-rosr« and rmmoctor^ arr to Imvr their ba^vs 

and I'OVorH of iurombu-stildr niatni.d. ^^^■\] iitsnbdrd as thr base, nnd llicy 
should lie plaml only in <iry piurrs as laras pos.« blr. Tbr spa <• betn’rrn thr 
icrniiualfl must be sulllciont to iirovi iit any pannanriit arr, iind thr rovers ami 
fixtug screwy mu,si br krpt clrar ol llir jiurly earning’ rurrrnt. 
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ArrKNDix. 


XIV.—SwTTcnT:^. 

Swilolips nmsi 1)C oonstmctcd— 

(^0 AVifli aini'lo nil»hir ;4 routacl lo ]ircTi'nl ovcrlioatini;, 

{h) 'With a (juic-li brook of sulUi ioiit ien-lb to in't veiii the possibility of an 
arc forminiji bavnoj: rognrd to tlii> pros'surc of I lie .siu>idj. 

(o) So that t]i('v ‘'aiinot rcinam in an iiitormodiato position between on and 
off. 

(r/) In tlio I’aso of (‘ivmilts willi a pressure over 200 volts the cover and 
handio as well as tlio base shoulu )je of nuij-c\nidin ting mater mb 


X^'.—t’rT-orr^i. 

(f/) ^Vb»‘re^'•er ibe sectionn! area of any eondnetor 
!■' reduced. 11 mu>t In* pr«'tei!,^d by a single pole cul-ont 

on each pole. 

(/>) Jlouble pole cui-oiiU are onlv peKmii.el when the two jxde.s aro in 
Bou'.lo ‘"’I"!''"'''"'"I'‘'iK-omlm-lil'lc parliUuii. 

I iie\ ace imi {•(>. ..iiinieMied. 

(e) Fuses niu.st )>e earclul’y e.il.-n!,i -I to nir'fai r<i jk r eenl. above their 
il(.nijal ‘MP ! C I : ■ t o;,P-i; r.‘ V-\ r<'<‘oH;lovnd* 

(M. and IP t.‘s I'n-'L' ;.ie loid < . Ulller^ should ou no 
acconiil aiteinpt io rcpl.oe tlie.roMn b,-.'. 

{( 1 ) Fn-ics should not be ]>i.o .■ 1 in c. ibni; Fv cni’ernlly following 

I'Ut the rub'" with l(‘ga’d lotii'ruits llie_\ np’ rernbued 
tiimei e-^s'irv, A\ here the ]»re"in'' p o\ ir Milts they 
arc forbiddi'n. and tlio teruinml- (if ans) oust be biulgodb^ a piece ol iliick 
copjiei' wire. 


Whore ioc|uii‘t(l. 


fllBr 


ruBOSiri ri lling i<>-. 


X\’T.—L\wi'-jrot.!>i a- 


(o) Lain]>-lioldoiv must be ol a,, .q^l-r-.MM ; wb-re ihe presMive is om-i 

2o:) tiny Jiiipt li'Pe a jincplu 

otluM' api'P've.l n,.ne» la 

Tiif'e ail- not . .... ,. 

.er 2UU tolls, uiiicss of spi’cid make lor the pre'siirc 


t.hdiii.uv. 


Switch l!iiri>liciilors. 


Ot I 


-reelam or 
bet iM < h I he lei luinab 
u ed w ill'll tin )'re.s'>iir(' 


WIT.—(’oNXmoRs 

(u) FImov '-orkcU ai’L iioi alji.wod wdlioul the jiei- 
mtssiciniil ilie As^oi lation. 

(A) \\ all soikels inns! b<’ (Oundy eon dfUetfd of 
an ineombnstible material and i-arefnlly lixi'd 
On circuit,« wlierc the i»re,>sui'e is own* 20l)^■nt^ special eaia- must betaken 
that llio eloarance is sullieieiil to jirctem .in are beiiig started li the circiHt is 
broken ut a i-onnector. 

(e) When a coiieenirie ty]>e is used it miM* be sucli that it cannot easily 
<vnnPMiM .ts be‘•hori-circuited by a I'K'ec of metal, and i lie uisulation 
^ between poles should be sueli and s(‘ placed tliat iL will 

not readily break or dn]). 

{<?) VVhen circuits leading to w,-ll contiocfnr,- fm- portaiile lights ore finied 
rusc.mnwcK.n, il,,. .iMnlMitm- point, nn.l .niiTy IK.I 

moiw 111.in 5. U watt'.', '.uses at th'- e u.nectors are not 
Docessarj, When the circuit is lor jairjiose.s oilier tiiau light a fu,-:e must be 
placed at the coniieeior. 


Floor vOckots., 


WjII sof k.'ts. 


XVTIL—Fimpimis. 

(tf) Flectroiiei’S and braokel.s should be elTecfual’y li'p'd to tlio eeibng or wall 

Electroliers ami Pra-UK. varh.sno.l ri.c.lw, l.lncl,. '|l,(.y 

mu'-t. hot (11 anyway dt jumd upon Ihe conduelors tor Iheir 
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snjjpoli. Croat cfiro iiuisi Ik' takm in -wirini? tliem that tlio itinilalion is not 
dfinjHi^cd aiitl Hint uo >iliari> pr*)]* utiiiii luoiul purU liavc bcoti li-Ct in the manu- 
lacture. 

{^i) ir iiiiiintion onuilles are used they must be made 
of noil iiiiljnmnalib’ iJinbTuvi. 

:ir.^ converted lor tor eleetrio they must bo 
iiisiibiii'd tlio pipr, nnd p<*niii^=?ioii lo convert 
iiHu.t be olilaiued bctorrliiind frouj (lie As'.oouiliou. 

('/) Thocarcnol muiiyca.se peniiiilotl. 


Iiiiitafiou oiindtos, 

(c) ir litiiiigs 


Cdudimi'il (If'-liio 
illUi gJ .1 


hKl't 


W\ —t'ONDUelOUS l.N rmiNG Fll’I’INGS 


(.luiidiiotors wIhtc flicy cnicr the of any linings must liaTc the 

braidiii" riMiios ed do\Mi (o I Ih- vulcani/u'd rnl.bor. wJjicli slioiild nearly come up 
to Ihc tiTiuimi}. {'arc imisi be laLou fird no cn-is arc left about, and Ili.it 
Ibo wires me lillcd in sudi ;i wa\ a- ii)]>rcvriit Ihc occurrence oF short-circuits, 
loose c(uUa'ds, or Icnkim^c. 1 1 is ro-onmicnded llial tlic w'lrcs coni]MSin_o a flexible 
be soMri'inl lo-ictluT \\ licre they cnler a {ennin.il. ]So cuduetur may touch the 
■wall when eiileiiiij' a liUine,'. 


X-V.—Lamps. 

{«) Ineundescent lump- nnisl be kep} m n s.nfc distance from conibustibb* 
m ilrnal-j. t".pcci illy bibrn-s in .shop windows and iimnu- 
liiiam's( 1 i.t .min',. fajpiiii's. It silk. p;\]u‘r, ur similar shades jiiv' used tliey 
must be lvei<t \M'll clear oi Ihi lamp. Laiujts siiould he reiieweil when appreciably 
Idackmicd. 

i/b I Imli candle power l.'iiiiit- iiuist be L(']m at leasj W fnel from all mnnmmaMe 

. mauuiji-. 'ihev me f.irhidden in risks where iluR' dusi 

1 mh''lum!'-i’'"-'''! l.enm. i ii i . 

or ( Njiniove i- lial'le o> aecuinulale, 

(.') Ar.' laui|'-i lini't In- L'uar li-,! In 1 iiiti rnsoru. lied loprcvoiii ..lamac;ii 

In.iti d!' i arltou oi* sj.ark?. 'J']n' 3 ' and 

'‘""I”’' tin ,r )-i-niaiin ^ niii-i iir m-uLui d at tlinir aiiiiporls and 

iuMi, ni'od, Ai , li.v a' lent 6 lU'-'n'' Innaf-'iiaHv and 2 IVct vnrticallj'. 
'Jili.-y iiiii't li.nv i.-ul-uuia nil linih imln. wlinu .'ii|;|ilicd Ironi non^tant pntouUal 
inuina. 

\ \ I.—I'Li.C'Tr.d-tsiuTivK roKcr. 

tNii l■ll•c■^lll HI a !inu-i m ly 111'at a III Jin" ],i,n..i!rc lliaii 2"i volts If dirnft 
cnn-nit, nr 12') 'idn it a ;nni,i:ii.i; I'liinn. 'id ni.iinii. m a linin' lii'arini; a 
liiiltirr I'Vi "UU* iliaii till" iiiii't fin piarna al a ui-.t.ti.i n oJ nu: lots ibau 6 foot from 
lino anulhor. 


Anv iii'-tal!a! l■•n takin^'I'■-'ni'l'ly frnin niorlioad mains must be ailoiiuatoly 
lii'oloi'lod I') a li^litinn^’Uiro'tol oi .i|']ii'ovoil Inim. 

.\XIII.—TlSllKo. 

lu) \ li'sliiii' 111 ', ssurc 1)1 not la,"'tbaii tnfl Mdls, nr. in oa"o of an installaliou 
' ' ■ " v.lion-lkn I'.M.Ln i" lio'lior tliaii 200 vniis, nt 2''U volts, 

1 -*'! *'"''i'I'liilT""'' bo I'liij-inyoil a\li I.IIIU''and atniliauoos lo bo nsed 

. 111,111 11 IS Jim. )i)ii,| lie ooiiiii 11,'.! up lu till' oondui'Inrs. and all fuses 

in plaeo dnrini. tlio test to “oar.li. ” A t,'"t ‘'between )inlos " is to bo taken 

(Id It till'supnly is *‘eniifitiuous I'urri'iit llie iiisulatiiin resislaneo in either 
' ^ ' (,.si must mil I'e less tlian Ibo ijnnlient ot Id megiibms 

Iti'iiliiiimus I'uiisiii. j iimviiiiiiui number of ampert's rei|im'ed. 

(• , If' the siip]il,v IS ••allermiling enrrout’’ Ibe insula¬ 
tion rc.sisiaiK'o sboul.l bo doublo tbo aboivc ligures. 


Allci OdtiiiB e..n'ein. 
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XXIV.—Jloidjis ron PosiFsnc use. 

(lit \n ralinly hi'i'.nvnte I’iiTuil. I'l'"'''' ''''' I'.'’ ■’ an'Mluli ou 

>'acli ^)LO\lkl lie I'lai lor I'lcry iiiiitoi', from tlu' liis- 

(hiliiiaiy. iiiliittiiir; criilrr. 

IMolorx iniii-l loivi' :io aiiiii'ini'il liniiViHif uiiiloii.il Ko]iar:itiiii; llioni from nny 

woiulwork oil riliiol. lluy limy rosi, oml Iluv may iiol lio |il,uiod in imy lio.iilioii 
wllloli IS ooli-l'.lorcd liazardulm liv llio As..iii iut ion. 

(/,) c-usiioiidod lUotol•^ mu'l I'O lu.iiy li"m ii'i msoliilcl siii.iioi i iii suoli a way 

^ Hull 11(1 sir.. jait on tlio coiidiu-lors. XU molliods ot 

Su^i'i'mlcil iiioiois. UMiin llioso iinrl 1.0 aji|.i.iM-d Uy llio As-ooialinii. Xlio 
floxililo oonl.s siii'iilyiiig lurionl lo iiiolor* ol tin -o olioM’s uiusl Uo run iii suolr ii 
uny tUiu |iLrsuiis uiiiim.l ma idoiilull} oitdi aitaiiist (liom- 


\^XV.— Ili.rcT'iii lli.i’iiAi' I’ll Ci’OuiNO. 


Pvery l-ii-Of- of a| I'aratn.s laiml Imm- .1 

iini-t lio' I'la.od iil'on l.n-|•^'|■l ni.iion.al. 

tlial ilioir r.,-iilalioii 'I.m'l l.'< ''"loiii 

Mici nro MiLiJo.lod Milhi.nl d' uro'i.itmu. 


I lO-oiil i.ud a ‘U liili oil oiioli polo. If 

.11.1, llio lo.i.l.ny-iii uii'os mu'l Uo sm-li 

ions ol ii-o iiio.l limpouHiro to uliali 


Ito^iolaiicO' uni'-t ’a' 

nil I'll oov-r--. l I.o\ 100 
ouiisliui'li '! iiO'l n’oini'i 


:\.\v!.—i.’i'i 'loMis, 

iiioniO. ‘1 on iiii'oinliii'ld l.ao 

I j„ 1 1 n-.. ; . 1 ,1V t). 'll .ilI in|i . 


lU'lriiiiu mill. . 


s, anil liaro ill'll vontilalo.l 
nini.d'ii' nuiti t'i.'.'l- and llioiv 
;,ilio iilaio ihron;i,U ilioir 


to 


Xli (".'I Tiro lo 
llluviis or inli..'uiin. 


.\i i 


1.1 -vs. 


I'l' li'im any s..icK of 


rdoolrio’il 1 '. 

tl'ii. -ina oi .'O. '.I ' ' ■ 


\ W lll.-v I-.'i -.i’ ' 

r.'i.-a n.'iar'.i- anim-M 

1 i‘ 1 ' > ..1 nil -' 

: !’• 1 ■'* •* 


] , V 'lii'.'i iilrondy 

I‘. ;l!l illlM’ I’r 

s, t .'1 I, , I i-'i i!)i' j'urjHiM', 


fi]' in lilf ■'"I'.I.. 

1: r n-^1 ‘ 

jouDi ''' ' 

{^1 or ^ 

im.'’ i.i‘ ' 
V. c.iiiiv t, .fi 

'i’! '1^'' 

Ill' t I : ■ ’* 1 

^;'l i.i.ii' ' i<)'' I'l r ii ii ' 


,j;' , _ ,(|,, I '(\ -.inY ^ '-‘f’ n>-'* 

. . -.j,;! n.l )m ..'tniiir ^ 

■,,n . ■ i P’. i .i ‘•il “'I ‘‘'i It 

,t I ^iiiJil t.'iJMli. l‘!"l !>'•' j'l’M'O'l <*’i 

Xs ( I 'i < . ' 1 •?»'''■' '-I 

,,, ji.-M |!^ ' I‘‘ I-Pnj'Ul mails’ll oil li, 

VI,;. r !.ii,! i it I la-"'-'! in a 'jHr.al 

1 I 1 . I fl 1 lie A sv..ci il luit 

,.ii (.•■i.i', r 'i .. .aiilaiull'al. 


'J'liry la'i't 1 < 
clfi!!-.'':*' : :• /v.-l 

may ‘ ’ ‘ 


. 1 , ,, !,,• . .1 111 a Miililati-il 

I lit.ii llilMf to 

1 . ^ ! liy (,;l ii '(■ J| ill.' O.it'v I.i; .ui-ll-iMait ItllliJtH 

a ■ 

> Xa —!1a. -v.i'iv lli'i.'. 


Ill tliO ca-o of '■ 'll i" 

Mit'ar, f ‘ V!i. -a a ft . ’ -1 

tin.* btoiiii^ ( r Vi' !i ‘ ' I 
il'i.sT, tiix; l•\ 'I' ol cl( • ■ i'- 



1 M V) lira}'*'! •). ]u((“. foltori. imfor, 

,,,ii', 1 I'i u ! dint'', owini; f 0 

)•., iM s', l.i.lv li’iii|K‘T:'iUft‘. or 

in' ; ii, I) L.' ll.c A.ibO'lailoU .ipj'ruVc ol. 
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appendix IV. 

(From “ The Potentiometer," by W, Clark Fubet, pages 2—6.) 

<• Desoibibo the potentiometer as briefly as possible, it might be s«d to wnswr 
geotions o! wire connected jn senes, 14 of wbicbnre 

therefore to ^ 


SECONOARY CELL 

... 


--I 5 VOLTS 

>4 SECTIONS OF A VOLT EACH 


I J.4-i 


SLIOt wmcs) VOLT 
M 40 »0 «« 70 80 


42—iP® 


.0 45 VOLTS 4jB 

'■ <1 . 4 )-- 

rpi^i iitayicr; 

rs'S'i'i.srA 5.. •w*. “»“• *“ 

[. *. AJ. of. ... 1 .. “f Tam 


- —'^/s/>/s^v‘W’'^"' 

e♦^COSTAT ^ 




\ 5 Y0LT8- 
0 


--,434 VOLTS- 

IIVLT'?LE 8W.TCM 




SLIDE WIRE 

t-T-4--1-1 


ff'llllii 


TO TERMINALS Fig. 2. • . j ■ LI * It r 

teircumataaoes. more especjally when ArSoM^re correspon^ngly 

f “will be described a. they arise in the stn|r of 
of the instrument. 


Fig. 2. 
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“ AUhough the aWo represents rougUy the diagram of the main instrument, 
(here are fitted in it certain switches and a rheostat for adding resistance in the 
main circuit, so reducing the E. M. F. of the secondary cell ordinarily used to 
the proper value, and for connecting any scries of x into circuit in due rotation, 
so that measurements may rapidly be taken in sequence, there being also a short- 
circuit key tor the galvanometer, and a due array of necessary terminals, the 
true diagram of the instrument therefore being that shown in Fig. 3. 

'■ In using the instrument for the measurement of power, the first operation 
necessary is its due calibration, i.e., the adjustment of 1'6 volts at the terminals 
of the whole of the sections; for, as shown in the diagram, a secondary cell is 
used as the source of main E.M.F., and having, roughly speaking, an E.M.F. 
of 2 volts, resistance has to be inserted in circuit to bring it down to tlic 
volts required. This value is ascertained by substitntiug for x a known value or 
slandari ix-, a Clark’s standard cell; its temperature is noted, and the two contacts 
A and B are placed upon the figures eorresltunding to (he value of the cell at that 
temperature, which we will suppose to he, iu the ease of Fig. 2,1'Agt (in which 
it is seen that the contacts A and B are at 14” and 34'' respectively), that being 
the certified vainc—in Board of I’tnde volts—of the standard veil at 15' C. 
Eesistance is added in the main circuit until there i.s no deflecliou of the 
galvanometer, due to tho fact of the two E.M.F.’s—that in the main and 
galvanometer circuits—being e(|unl one to Ihe other ; the instrument is thus 
standardised from what afterwards hoeomes the .e circuit, and is then ready for 
working and olitaining the value of unknown IC.M.F.'s, The act of snitching 
in the unknown puts the standard cell ont of circuit, so that no possible accident 
can happen to it, and it need only be brought into circuit again for occasional 
chock purposes. 

“ It will be noticed that the maximum ihscrvod E.M.F. on the potentiometer 
is ]'6 volts ; all values therefore to he measured must fall witliiu that range. To 
meet lliis requirement multiples atid sul muliqiles of the ohm are used, and are 
so proportioned that their niaviuiuin carrying ciqiacity is some delinilo value 
projiortional to that of the iuslruiiieul. and it is entirely upon lliera that the 
range of the .set of apjiaratn.s depends. Staiulord.s up to the jireseiit have been 
made for the measurement of 10,OdO amperes on the one hand, aud 3,tX)0 volts 
upon the other, hnt this does not in any way suggest the limit, which might 
almost he described, in the ease ol current, as illimitalile, whilst with voltage 
the question of insulation alone steps in. 


CrSREKI MElsriiEUliST. 

“ Taking, first, the question of the mea.surement of current, thia is done by 
passing the current to be measured through a standard low resistance (Fig. 3) 
of such value that the fall in volts—with maximum eurrent—over the whole does 
not exceed that measurable on the potentiometer. 'The usual uiiit.s adopted by 
tho majority of English central stations allow of standards for maximum 
currents of 1,600, 750, 150, 16 and 1'6—the last three fur meter and lamp testing, 
the preceding two for machine and instrument te.st.s. To be effectively used 
with (he in.strument descrilied they should ho so pnqiortioned ns to be direct 
reading, that is to say, the fir.st, with a load of 1 600 amperes, should allow of 
a fall of 1'6 volts, each section of the instrument being equivalent to i of a 
volt, will thciefore conespond to ICO ampere.s, each division on the scale to O'I 
of an amphre. The second standard should ho similarly jiroportionod, 760 
ampbres reading at 0'760 volt; tho third standard, for 160 amperrs, should have 
10 amperes for section and O'Ol jier division of scale; the fourth, for 16 amperes, 
having 1 ampere per section and O'OOl per division ; the fifth, for 1'6 amperes, 
having O'l per section and 00001 per division. If, therefore, any of these 
standards arc placed in the circuit—current through which is to be measured—the 
fall of E. M. F. over it is balanced on the jiotontiometer, and value in current 
read off aoeordingly direct. For economy in materi'il, or weight when standards 
are carried about, it is customary in some instances to adopt half values, that 
is to say, tho standard for 1,600 amperes would be half the resistance of that 
already desenbed, tho consequent E.M.F. at fall load would be halved, and the 
value would be rvad at on 750 the instrument. The fall of volts over standard 
■with full load being '75, other values would he in similar proportion, and all 
would need to he mnltiplied by 2 to obtain two current values. This, however, 
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whilst giying economy in material* or a standard haying twice the carrying 


STANOAHD REStSTAHCE 


MAIN CUftWmT 




TO BE MEASURED 


POTENTIAL LEADS TO 
POTENTIOMETER 


Fig. 3. 

capacity of the former, is iiol to be recommeniled, as when introduced with 
other standards having no multiplier, eiTors arise and (juick reading bceomes 
impossible. Eeccntly the question of weight and economy of space, ote., has 
been overcome by the design of standards of tubular form artificially cooled 
by the circulation of water and very heavy connections. In this manner a 
current density of from 25 to 30,000 lunperes per square inch is possible, which 
allows of a very coiupael standard being constructed. However, this will be 
treated separately, wheb the construction of such standards is considered. It 
is, however, interesting to note in connection with those standards that no 
danger is to be auticitiated in eoiinecting them to the ordinary water-supply, 
as a moderate lengih of ordinary hose-jiipe amounts to practical insulation. In 
fact, 80 feet of orduiary three-ply rubber tubing, | in. bore, supplied by the 
Silvcrtown Company, tilled with ordinary “commercial London water" and 
practically arnioureif by being laid ils whole length along a loud floor, bad, when 
tested from end to cud of the liquid wiih 100 volts, a resistance of one megohm. 

“ To ono not aocusiomeil to tlio nso of the difl'ereni standards, it is puzzling at 
times to give, olT-haint, ihe value obiained. Very little practice, however, is 
required, and a very simple guide to the memory is merely to note the value and 
maximum carrying capacity. I'or mstanee— 

j J- ohm, 1,600 amperes at 1'6 volts j 

,'o o 160 .. lull range of instrument. 

it) 1, 16 „ „ ,, „ j 

MEA.stHir.MENT OF E.M.F. 

“The maximum of E.M.F. ordinarily measitreable on the potentiometer, as 
has been previously described, is 1'6 volts, but for secondary cell tests, etc., it 


HISH POTENTIAL TO BE MEASOREO 



Fig. 4. 

may bo made S volts by adding anolher secondary in the main circuit, and 
balancing with the Clark cell at half value, hut in that and other cases m 
which it may be done it is ncoessary to multiply the reading by 3 to obtain the 
true result. When, however, some very much higher E.M.F has to be 
measured, it is necessary to jilae© it across a very high resistance, the fall over 
some portion of which only ts measured tsee Fig. 4). For instance, taking a hoi 
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of 100,000 ohms, across which is placed 1,000 rolts, the fall oTer 100 ohms eor- 
rcsiTOuding to of the total, ead represented by 1 volt only, is carried to 
the potentiometer; in (he same manner if it were 100 volts, the fall over 1,000 
ohms—or -h of the whole = 1 volt, is connected ; or, again if 10 volts that over 

-Vi 

10.000 ohms or ^ of the total, still 1 volt only is taken to the instrument. The 
instrument is, therefore, direct reading, unless, as in the case of current measure¬ 
ment, half values arc taken and the reading douhled--a practice equally bad in 
this case, and for the same reasons, therefore, to ho avoided, 

“The true value to be assigned to the reading may he again somewhat, 
puzzling to the unpractised, and is best got at by again noting the maximum 
reading obtainable from the terminals connected. One point only remembered, the 
rest is easy and no mistake is pi ssiiilc." 
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(9) Conduelort. —The whole o£ the conduclors throughout the buildings to be 
of tinned copper wire haring a conduotiritj which shall in no I’ase bo less than 
100 per cent, of Mathiosseu’s standard for pure copper. No wire of smaller size 
than No. 18 S.W.G. to bo used. All conductors of a cross-section greater 
than No. 16 S.W.G. are to be stranded. 

(10) Inmlatiov conductors shall be substantially and carefully insulated, 
with the Tory best pure and vulcanized India-rubber, and India-rubber-coated 
tape, properly protected externally by braided llax or cotton treated with a 
suitable and recognised prcservatire coating or by such other moans as may be 
approved at the time the tenders arc considered. The insulation resistance of 
conductors used must not in any case be leas than 760 megohms per mile 
statute. 

(11) Current drnsiVy.—The sectional area of main and snb-main eondnrtors 

of all sizes is to be so proportioned that they sluall in no ease carry a larger 
current than at the rate of ( ) amperes per sipiare inih of copper. In 

estimating the current, lamps arc to be rated as requiring watts per candle- 
power, and as being of at least 16-C,-P in every case. 

The potential difference between the comluetors at the farthe.st or any lamp 
on the circuit, with all the lamps alight, shall not exceed 2 per cent, lower than 
at the main fuses. 

(12) Main milrliboiml, —This shall be 6xed in a conveiuent position in the 
building, and shall be provided wiih a vollmeier by which the K.Jl.F. (on 
bolli oireuils)* may be read. The switchboard is to be ]iroi ided with a g.iod 
lock and key (and on or beyond it no circuits or wires having a greatir diHereiiee 
of potential between them than 220 volts mar be run within ll feet of one 

another).* The mains from the .switchboard to the.fuse-box are to be 

included in the tender. Tlic switchboard and this eonnecting mam are to iie 
suitable for . . . circuits (on the S-wire system), each of . . . volts . . . imipcrcs. 

(13) Joints an- to be avoiiletl as far a.s possible, and no joint.s what¬ 
ever are to be made in any m.iin cable or in any dani)i place. Where joints 
eaiinot be avoided, they shall be earefully imado in ihe most approved manner, 
well sold-red and vuleamsed. Aiiprovcd “ connectors" may be useil in place of 
joints in the ultimate lamp circuits, but they must be mounteil ou wood Lloclis 
and may not contain fuses. 

(14) Casing ami ca/’jiing .—The whole of the mains, siib-nniins, and lamp leails 
to be run as tar as iiossible along the walls ami ceilings, enclosed in jiroper 
easing BO as to be easily accessible and capable of being thoruigiily iiisjiectcd. 
No wires may be run out of sight bi-ta-oen walls ami ceilings witboin special 
permission. I'asiug and capping shall be of well seasoned tealiwood served 
lieforo erection with two coals of shellac vnrnisb internally and one coal of paint 
or varnish externally. The grooves to be rounded and iUe distance lieiween 
them to be not less than inches wide in llie ease of mains. 1 in-’h ill that of 
sub-mains, and never k-sa than J incli m the smallest braiich leads, care bi-ing 
taken to keep the middle lillet iiitaet throughout. All joinis shall be eurefnllv 
mitred or overlapped in easing and eap)iing, ihe latter to bo moulded of api-roveil 
desiun and specially arranged to bo screwed on at the sides by means ol ruiiml- 
lieaded brass screws. W hero neec'sary, the walls musi be well ],lugged to receivo 
the casing, and after erection all vi-ilde casing is to In- carefully panned to match 
the .surroumbngs. bimiples of casing and eapjung to be .submitted with tender: 

Provided that in place of casing an a)ipioved tulio system may be employed 
throughout. 

ll5) AVhere cables or wires pass through walla, Ibey shall bo carried in sueli 
manner as may be dirccti-d by the Klectneal Kngineor, 

(16) The wiring must be done on the distriiiution system, with main and 
branch disfrihining bo.ards at coaveuieiit centres, ami tlie eireuiis from the 
branch distriuuiing boards mu.sl not sujiply more than 561) watts. The dis¬ 
tributing boards must bo constructed of ineombusliblo material, prefi-rably with 
trout connections, with circuits arrang<-d as fur a.s possible to form their own 
diagram of connections, and so labelled that they may be easily identified. 
Exposed metal parrs of-different polarity must bo separated by an insulating 
and iiieombustible partition, or else separately mounted on different bases. All 

• Ttiisisiu the case of‘2x220 volt g.wii-c iastallatioGg, 



APPEKDlX. 


XV 


fuses to be of gnch section that they will carry 60 per cent, orcr and melt with 
approximately 76 per cent, over ihe normal current and to be of a standard noft- 
interchangeablc pattern as far as possible. Isolated cut-onts in inaccosible situa¬ 
tions must not be used. All main and circuit fuses throughout the installations 
must be provided with reference number or letter by means of which the circuits 
they control can easily be found on the wiring plan. 

(17) Switch blocks —The switi-hes for controlling the lamps in each room will 
be mounted on iKtUshed teak blocks with nest niouhling round the edge. These 
will bo fixed in convenient approved positions in the rooms. The positions of 
these, as woU as the runs of casings, must be settled before the work is com¬ 
menced in consultation with the Electrical Engineer. 

(18) Ceilinij roses .—Ceiling roses must he porcelain with no hack conneetions. 
They must be mounted on polished teak blocks, and are not to contain fuse 
terminals. 

(ID) SwifcJcs.—The bases of switches must bo of porcelain with no back 
eonuoctions. I'bey are to bo of quick-break (higli-voK.age) type, covers to be 
incombustible, and all parts of the switch carrying current to be insulated from 
the handle. 

(20) Cut-outs and wall aoclets.—These are to be of a design suitable for ... . 
volts. 

(21) Lamjis.—To be suitable for an E. 51. F. of . . . . volts and an efllcicncy 
of watts )ior caudle apjiroxiiiiatcly, and to be of the eandlo-powcr laid down in 
the sclioilules. All lamps m ceiling littiiigs are to be frosted, the rest to be 
clear glass. 

ELECTRIC LIGHTING FORMS. 


No. 1.—Form of Scueihii.h. 
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ON 


ELECTRICAL ENGINEERINR 

%vn'ir PARTiciLMt ni':F'rii,RN<?i': to 

CONDITIONS IN JiKNOAL. 


LECTURE I. 

InTKODI ('I'om. 

T'*' will bp at onco nppai'cnt to you that in a potirsc of eix io(itiiros on 

tlip subjcot wbioli bus been selecf cil this year, it would bo impossiblo 
to more than touoh tlie friuo;;) of man)' subjoets tliat pome wit,bin tbo 
scope of an oleolrical engineer's work, should tiio Icolnicr attempt to 
deal with the soicneo in all it,s ramifiealious. This would not fulfil tho 
niaiu object of this annual coiinso, and it will be evidently of far 
greater value to you if I choose tho particular branches that you may 
ho called upon (o work in, and give you some practical remarks with 
regard to each in turn. 

And liero let me say that at the present day it is in no wise 
sullioient to make a deep study of one branch of engineering unless 
you have some knowledge of other allied one.s. Those of you who 
may take up electiicai engineering as a profession will find at every 
turn the value of what you have learnt of civil, mechanical and 
hydraulic engineering, ohemistry and physios, and, above all, work¬ 
shop practice; while those who throw their lot into ono of tbe.se otlier 
brauchc.** of science or onginooriug will sooner or later, I am sure, 
be thankful that tliey have learnt enough of electrical work to help 
them when neoessity arises. Jt is said, with perfect truth as regards 
many mattere, that “a belle knowledge is a duugcrous thing,” hut 
there is no doubt in ray mind that even a litllo knowledge—jirovided 
it bo sound knowledge—of allied sciences is of tho very greatest valnn 
to engineers of all sorts. Of course one particular hraiioh only can he 
taken up as a profobsinn if the student is to hecemo really proficient, 
the others being merely adjuuois, n,ud I may go further and say that it 
is impossible during tho period ono is under training even to master 
one blanch in all its intricacies. A sjiecialist in one subdivision will 
gonorally suocaed belter than ono who altemiits too much. I may 
remind you of tho story of tlie colooptoiiat, of wliora it was remarked: 
“ If ho had only oonfined his researches to ono 3jieeh,s of beetle, he 
might have been famous.” 
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Applieiiiioi.n of (kHrieitp .—Now let us enutoorate liriofly tlie chief 
applicatious of oloctrioal energy or, shortly, electricity— 

(1) Obviously it is as a means of giving light that the majority 

of people regard it, seeing that this is the commonest and 
most evident use to which it can bo put. Street-lighting, 
cither by arc lamps—os in Harrison lioad, Calcutta—or by 
ineaudcscent lamjis—as in I>nrjeeling; factory lighting, 
and bonso or public building lighting conic under this 
head. Exampb.s of all these ai’o found in and around 
Cafiintta, and as lime goes on, other cities in Bengal will 
no doubt follow suit. 

(2) Secondly, Ibcrc is tbe applienHon of electricity for tho 

piirp'-so I f giving power through clcctivmiotors. This bead 
includes the driving of tr.am-car.s and autnnioliilc vcliicb's, 
of nnnhinery in factories, workshops and niiiics, and of 
sinnll-power untors for domestic uses, such a.s the vvoikiiig 
of rotary fans, punkah-prdling or sewing machines and tho 
like. It is nmio than jirobahle that, wc shall presently 
have electric tnimways working in this distrift, mid already 
during tho bust hot ueaflier a very considerable number of 
rotary electric fans have been at work. AV'ith the advimt of 
a good electrical jmukali-p'ulling inaeliine it miiy be salbly 
]'i\'.lieted that llie auiio^ince due, to the present unsatisfac¬ 
tory methods will become a thing of the past. 

(i>) Thirdly, in order of importance to mankind comes, I think, 
the direct me of electricity in manufacturing operations, 
elect]o-clicniical and clcctro-mclallurgical. Not, least 

among these come the jirocess of electroplating and of the 
eloctio-deposlrion ol meUds—in some cases the sure.st and 
almost, only way of obtaining chomical iiurity in the 
products. In tin' arts, also, electro-deposition has a wide 
H])plieation in the various electiical reproducing jirnec.s.'-es, 
by wbielr casts, medals and the like can be rcfiroiluccd with 
tlie utmost e.vaetitiide. Aiiiong tho most iinjiortant products 
of olcclro-metallurgy is aluminium, the nmuifold uses of 
which are now fully leeogniscd. Though ainong-t tho 
very commonest oleiiicnts in tho earth’s crust, it is one 
of the most diilicult to reduce, and only since tho 
oloctrioal jiroflcss ■wnis evolved has the inlce hoconio in any 
way rcasoiiahlo. Itjs a product of tho electrin furnace, 
one of tho most powerful agents known, hy ni(-ans of which 
a teinpernturo jii'f'vioiisly nndroamt of can ho obtained and 
maintained throughout a liu'go mass of material. Tlirongh 
tho same agoney jihosphorus is now being niamifaetured on 
a large seah', and an altogether now material called ear- 
borundnni is now being manufactured in America as a suh- 
w.iluto for emery, than which it has far greater powers 
of attrition. I mny mention, in passing, tliat bv means of 
tho elocllie furnace true diamonds of very small size have 
also boon siicoessfully made in the lahoratoiy. Among 
olcciio-ehemicai products chlorate of potasli is j crlinjis the 
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most important, and is oleotrolytieally manufactured in 
competition with the older methods. Sanitary seioneo is also 
being benotited by various systems for the electrolytic! 
jmrifieatiou of sewage now under trial. 

(1) Fourtidy, there is tlio uso of electricity for modeiafc Iieating 
purposes as distinct from the ch'ctric furnace. Whorover 
electric power is installed, electric heating can he called into 
play in various ways. Thus in cold countries tram-cars 
are gcnorally heated during tlie cold months, and, to a 
certain extent, the s ium! may ho said of lioiisos and public 
buildings, tliengh in the latter ease it probably does not 
]i.ay to substitute electric radiators for coal er wood flies, 
indeed, apart from the (juostiou of eo.st, most people prefer 
the open fh'O owing to its ehcerfid appoaraneo. Again, 
there is a considorahjo ntdi/.ation of small domestic ajipara- 
tus, snob as eleetrie hot plates, kettles and ovens, which, 
though eertalnly ex]iousive luxuries, are beyond doubt a 
gn at ennvoniouoe in certain eases owing to their eleiiulines.s 
and leadiuess at short notice. 

(.5) Til ere are ether applications of cloefricity of boundless iinport- 
aiiee to mankind wliieh do not, however, eoitin within the 
scope of the ordinary electrical eugineor’.s work, and have 
therefore been relegated by me to a hack place. The on ir- 
nioua development of telegraphy and teliphony in all their 
dilfereiit foi-ni'i, and in a les.sor, (hough still important, digree 
the uses of electric hells, electric (iiaiig of mines, lloutgeu- 
ray work, .and cle'-tro-tlu'ra^irutics hear witness to this. 

From this summary you will see how va^t and far-ieaelilng an 
eil'eet (ho eleetrie current, has had on tlie idfairs of tlie worlil. 

Gi Hi nifiuii of i‘lairi('ifi /.— l‘'er any nr all of these juirposes eleelii- 
eity may he derived from one of several did'eveut sounes. 'ilio 
simplest of these is (he primary battery, consisting, gem rally speaking, 
of (dates of two dissimilar metals in an eleetrolyte eapaldecd eliemieally 
acting upon one of them. Its use is almost restrieled tr giving the 
macssary jiower for one of these last-named ,a]i|dieations wherein veiy 
small cuiTiiits only are utilized, and wo need (herofore do no more 
than notice their existence in jiassing. The tlicrmnpilo also need not 
oecu)iy much of cur time; in this form of generator the current is 
obtained by means of alternately heating and cooling tlio pineiiors 
hetweeu nertaiu dissimilar metals. 'I’hough apparently a solution of 
tho problem of ohtaiulng eh.ctiioity direct from coal, it leaves very 
much to bo desired in the way of clficiency and eonvenicnee. Tho 
most general method is to obtain tho power from fuel—ooal, wood, oil 
or gas—through the agoiioy of an oiigiuo .aiid dynamo. Sometimes 
a seiiaiate private jdant is maintained for the su[iply of a particular 
iustallalh n; in other oases power is goiieratod in a largo station in Iho 
centre of a town and thence distributed through a uet-work of oon- 
duotors to all who may wish to use it, while, again, there have roeenily 
been proposals to estaldisli such stations at tho coal-fields, wliere fuel 
is at its chcapo.st, and tlien distribute the power over a targe tract of 
country to whcrevoi’ a demand ari.«es. 
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rhen, again, cloch'io pnwir may bo obtained from falling wate. 
throngu f iio agency of a liirbiue and dynamo. This source of oleotiicitj 
is of very groat, inqiorlaneo in places wlicro suitablo conditions art 
found, espnoinlly if find at. tlio same time is expensive, since it ofter 
pays to bring tlio power fiom many miles distant rather than generatt 
it on tlic spot by the consuniplio)! of fuel. And by no other agtnoj 
tlian tliis ranpowtrbo ccononiically tra.n.sniit(ed over very long dis¬ 
tances; wire-rope tnansmission of jKiwcr has its practical limit of a few 
miles, and no otbt't s^'stoin can coii'pctc on tornis of equality. 

'J’iicro, is one grt'at .'ulvtiTilngo that gas bus over electricity—I mean 
tlie fact that it is a nmtcjl.il sub.danco c.apablo of being stored in any 
quantity, hlcclricit}’ nni.f geiierali'd ,at the iustiint it is to bo used, 
and eannot be .stored, il'his ft.atciuciit sounds lidiculona in the face of 
the fiiet tbat one congiantiy bears of ' slor.agc batteries’ and ‘acoumn- 
bitors,’ but tbese store clcctiicif.y only 171 the sense that coal may be said 
to store bent, tuid in no wise like a gaslinider stores gas. Goal contains a 
certain amount of latent energy in ibe form of cni-bon and liydrocarbons, 
cnpiiblo of being released as In .at under sidta'ile conditions. And the 
charged plates of a secondary battery contain latent energy oho, bound 
up iu the chemical eo.udition of the plates, but callable of rapid release 
in the obtinged form of electrical energy untb-r eeitain oireumstances. 

Funilfiinriitii! and thrived tini/s. —Tiic ground 1 propo.sn to tra-verso 
in those lectures will be mainly confined to the question of electric 
lighting in liouses and the supply of energy for tbat purpose, and, 
having said this much by way (7f introduction, we will now pass on 
to einisider and define the physical quantities dealt within eloetrieal 
woik and tlio practical evolved iiiiits by wliieh tlicy ore denoted and 
measured. It is not, I think, npeossary that 1 should explain to you in 
great detail the origin of tlio fundamental elei'ti’ieal units, as my aim 
will bo to imparl practical rather than theoretical infoimation, but a 
few word-s may bo s.aid 011 the subject with advantage. The French or 
metrio system of wi'ights and measures is wind is known ns an absolute 
Bysteni, wherein .all units are simply derived from tho fundamental 
conceptions of length, mass and time. Jn .addition to this simple 
relation between its units, the system ba.s also a gieat advantage over 
many other systems of weights ami measures - the Tudian being no 
exco; tion—in tbat all multiples and fraetiou.s aro on tiro dooimal 
principle. Those facts induecd soiontifio men ovoiywhore to agree to 
tho mcirie system as tho basis of tiro present ‘ absolute’ oleotrieal units, 
and in this counoction the name of the 0. O. S , or oentinictre-grainme- 
seeond system has arisen. 1 will give you some short definitions of the 
chief jilij’slcal units derived from these three fundamental ones, leaving 
you to study tho subjeet at your leisure in the toxti-hooks. 

Vchciln is the rale of change of position along any path, and the 
unit is a sjiccd of one centimetre per socoml. 

Aecclertdinn is tho rate of oh.ange of velocity, the unit being a change 
of speed of onn oeutimotro per second, either positive or negative. 

Jtnrco is tliat wdiieh produces acceleration, and the unit of foroo or 
dyne is such that when acting on a mass of one gramme for one second it 
produces an aeoeleration of one centimetre per second. Tho force of 
gravity is roughly 9S0 dynes. 
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Wori is the result of tlie dIs])laoement of mass against force. 
The unit or m/ is the force expended in displacement through ouo 
oontimetro against a force of ouo djne. If oao gramme is lifted 
ngaiust gravity, therefore 980 ergs of work are done. The unit 
rejiresents such a small amount of work that an auxiliary unit called the 
/oiik is frequently used, equivalent to 10 million ergs. 

Acth'it;/ is the rate of doing work, and the unit of activity is a rate 
of 1 erg per second. For tho same rrasou as in the case of work, a 
larger unit of 10 million ergs (or one joule) per second is called one mdt. 

I need not, I think, tell you elementary facts about magnets, 
magnetism and eleciricity, since you will have learnt those from your 
text-books, hut wo will pass on to consider the electrical units. In 
order to trace their connection with tlie fundamental units of length, 
mass and timo, we will start with tho dolinition of a unit magnetic 
polo, from which the practical units are derived. If wo have two thin 
magnets, of such length that when two poles arc brought near togotlior 
the other two are far enough off to exert no appreciable influoneo, and 
tho adjoining polos nro of such strength that at a distance of one 
centimetre opart they .attract ono anotlier with a force of ono dyno, then 
each is said to bo a unit polo. You are aware of tho effect of passing 
an electric current through a wire in causing attraction to a magnetic 
noodle in its neighbourhood, and the unit of current is obtained ‘ 
from consideration of this effect. A unit current is such that ono 
centimetre length of it {i.e., of tho wire carrying it) acts on a unit 
magnetic pole with a force of ono dyne, every part of the wire being 
ono centimoti'e distant radially from the pole. Tho anqiere —wliich is 
ono-tnnth jiart of this 0. G. S. unit—is the practical unit of current 
strength and roju-esents a certain rate of delivery of electricity in just 
tho same way that so many gallons per minute does in tho case 
of water. An ampeio is a current such that, when passed through a 
solution of nitrate of silver of certain streugih, it deposits silver at tho 
rate of •001118 gramme per second. 

I'ho quantify of electrieify delivered in one second by a current of one 
arapf'ro is called one roiilomh, but this is a term you will sohlom hear used. 

Tho ju-aotioal unit of difference of electrical potential is tlio rolt, 
and is 100,000,000 times the 0. G. S. unit. In order to gain a cle.ar 
conception of what it is, we may advantageously make uso of tho 
analogy of water. Difteroneo of potential corresponds with ‘ head ’ in 
hydrostatics, and just as water tends to flow from a higher place to a 
lower one in consequence of, and propoilionally to, the dillcronco of 
level between them, so does electricity tend to flow from a point of 
liighcr electrical potential to ono of lower; and a current of olectrieity 
will never flow in a conductor unless there is a difference of ohictrical 
potential between its terminal points. And as in a pumping-station 
tho flow of w.ater upwards against a certain head is caused by the 
pressure behind it, so a current of electricity in a conductor is duo to 
a difference of potential caused by tho pressure or eJoHronwtke force 
acting on it. Again, just as the higher of two connected bodies of 
water can be determined by the direction of flow between them, so can 
the points of higher potential in a conductor be determined by the 
direction of tho current flowing between them. 



A volt is just about tho olectromolivo force—or E.M.F.—of a 
sint^lo Daniell oell, but tbe practical standard used for testing purposes 
is obtained by comparison with tho‘Clark standard coll,’ of which I 
shall tell you hitor on when dealing with the potentiomotor. I need 
hardly tell you that under equal conditions of ))re8suro or head a large 
water-jiipe will convey a greater number of gallons per minute than a 
small one; the fact is self-evident. But since electricity is not a 
material substance, it is always a point of difficulty to many pooplo 
that a given wire should only he reckoned on to carry a certain 
current under given conditions. As the flow of water is restricted hy 
tho size of tho [upcs carrying it, and hy tho resistance of any 
un(!V0nness in tho metal or any obstruction in tho bore, so is tho 
flow of electricity impeded by the rrMstance of the wire that carries 
it. Tlii'ovotically resistance is regarded in tho C. G. iS. system as 
a velocity, for reasons with which, liowever, I do not intend to 
trouble yon. I’raotically it is simpler to regard it as that iidierent 
quality in any substance owing to which tho free pnssago of 
eloctiicity is jireveutod, so that a given pressure or E.M.F. can 
only causo a certain current to fhiw. And, fortunat.clj', there is 
a very sim]de relation between rosistanco and the two provinnslv 
explained units. For if a steady current flows in a conduclor and the 
dill'erenco of potoniial between any two points on it is measui’ed, it is 
found that the (|noticnt of tho dilfeienco of ])otoutial iu volts, divided 
hy the current in amperes, is inde]ieudent ol tho strength of the enrient, 
though vaiyiug with the idiysical nature of the conduclor. If the 
current is doubled, the difference of potential is doubled, and if the 
current is halved, (hediflerence of ]iotontialis halved—provided that 
tho temperature ol the conductor is constant. There is, fliorcloio. a 
certain re.sislauce to the flow of current which is found to reiue-ent the 
ratio between pressure and consequent flow. If iu a given conduclor a 
current of one arnpcn‘ is flowing, and two points are taken such that tho 
dill'erenco if potential between them is one volt, then tho resistance 
of that length of tho conductor is tho practical unit, one ohm. The 
ratio may then ho expressed thus ; volts -f- anq eres = olinis. 1 
need only mention, in passing, that the ohm is 10", or 1,000,000,000 
times as groat as tho ahsoluto G.O.S. unit of resistaneo. 

The standard ohm is repressnted hy the resistaneo of a nnifoi m 
column of mercury lOG-O centimetres long and ]4'd52 grammes in 
mass fit 0''C, but the actual standard is a coil of wire iu tho 
possession of the English ‘Board of Trade,’ hy comparison witli 
which other ‘standard ohm’ coils aro made. The resistance of 
any conductor is a quantity which depends only on its dimensions, 
shapo and physical conditions, and not at all on the strength of 
the current passing through it, except in so far as this may 
alter or modify these latter. It varies directly as the length, 
and inversely as tho cross-sectional area of the conductor, and for 
any given material, therefore, tho calculations of tho relative resistance 
of dillcront lengths and sizes are simple enough. 

To compare the relative resistances of diiferent materials we must 
have some standard or ‘ specific resistance’ to go hy, and it is defined 
as the resistance of a cubic centimetre of any material at a temja ratnio 
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of O'^C to a current paBsing between opposed planes or faces. If 
the snecilic resistance in olinw of any substance is known, and it is 
reciuii4dto find out the actual resistance of a given |ueco of it, we 
must evidently multiply the specific resistanoo by the length in ceiiti- 
motres and divide by the cross sectional area in square centimetres. 

Tho specific resistance of pure copper is -000,001,09 ohms, and 
tliis is the material, as you know, usid for most ehctncid wiu-k, owing 
to its great conducting power. Silver alone has a fractionally higher 
conductivity than copper, hut its pneo naturally puts it out ol tlic field 
of competition. I should have mentioned that conductivity is the 
reciprocal of rcsi^anco, so that the lower tho specific resistance ot a 
material tlio hetter its conductivity. 

Tlie only metal that compotes willi copper for conducting puri) 0 ,sos 
is alnniiuinm, which 1 told you just now is becoming ehoap owing to 
its producliou in the cleciric furnace. It is a fair conductor, having a 
specific coii.luofivlty of about h5 iier cent, of that of pure copper, and 
it has a very low specific gravity, so that, weight for weight, it lias a 
current-carrying capacity about I'S timcqtlmt of copier. J3ut it has 
two disadvantages: firstly, largo hulk, which prevoiits its hemg used 
much in coils, and, secondly, largo surface, which is exposed to wind 
pressure in tho case of ovcrlicad lines. • i , ■ i 

Not always, liowevor, do wo require tho host conductor in clcotnoal 
work and other metals are largely used in order to imrposcly iiilrodiico 
K-sist’aneo wlien desirable. We shall deal more fully with resistances later 
on. Takin<» copper as tlic standard, tlin following list gives the .s])ocitic 
resistance of some of the chief metals used in chrtrical work relative 
to it /(' 'dveii a eertain length of pure copper wire of any gauge, its 
icsistniie.e"'multiplied by (he figures below will give tho resislaiiees of 
exactlv siiiillar pieces of the metals named 


Aluminium 

Irou 

Till 

Lo.ad 

German silver 
I'liitiuoid 


1-S2 

ty9r> 
8-c9 
12-Id 
i2-8r> 
19-5 


Speaklii'^ geucrnl'y, tho metals are good conductors of elect,ricily as 
d'stiiiet froiu so called insulators, though aolually had coiiduotors nu-rge 
iiise.iisihly into had insulators, leaving no hard-and fast divhion line. 
Glass, porcelain, India-rubber and dry wood are examples of good 
insulators, hut the latter, if damp, may hooomo a conductor to no incou- 

siderablo extent. . , , r ,, 

Wo xvill next consider the question of work or energy from llio 
eloolrical stamliioint. The practical unit is the joule (10 million ergs), 
which is the amount of work done in one second by one ampere uiiiler 
a difference of potential of one volt, t.e., one coulomb volt. In dealing 
with lareo machinery, oven this unit represents far too small aii amount 
ol work%ndit is more geuorally convenient to use tho ‘Hoard of 
Trade unit’ of 8,600,000 joules, or I'SI horse-power hours. 

If a fun-eiit of 10 amperes is jiassed through a conductor under 
a pressure of 100 volts, then one 11, 0. T. unit ol work is done 
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in an hour, i.f., 1,000 volt-ampere hours. Tou cau calculate for your¬ 
self the number of fundamental ‘ ergs ’ this represents. 

Po)rei' or activity is measured, in icn/tx, n watt being the rate of 
work done by one ampere under an electromotive force of one volt, 
or one volt-ampere. This is a unit in const nnt use in oar profession, 
and you should commit to memory—it you have not already done so— 
the iact that 740 watts are equivalent to a rale of one horse-power. 
A power of 1,000 watts is called a killowalt, and tin's word is generally 
used to express the power a dynamo is capable of delivering. You will at 
once see from what I have just told you that a B. 0. T. unit of work is 
one Icillowatt hour; it is gonoially called simply a xiiit in chiotrical 
supply, tho price of a unit in Calcutta, for inslauoc, varying from 0 to 8 
annas. It is not unusual to hear a dynamo spoken of us a 10- or 20-uuit 
maoliine. This is an incorrect use of the term, kilowatt being intended 
and not kilowatt-hour. ' 

Tho mere cxilanation of these nnita does not bring familiarity in its 
train, and indeed nothing hut praetioul work with cloctiicial machinery 
gives life to such dry bones, .But yon, of cow'so, have tho opportunity 
in this College of becoming lamdiaj with tho working of such 
machinery and no doubt make good uso of it. 

E.ipJnn(ituni of iarmii in common l think I need not trouble you 
with dofinilions of any othor units at jirosimt, hut there are certain tech¬ 
nical terms in common use which it, is neeess'arv for you to thoroughly 
understaud, and in order to simplify the diagrams to bo presently 
shewn yon, 1 give you a list of some of the conventional signs which are 
used to represent various electrical terms or pieces of apparatus— 


^ Dynamo 'j 

\ / Continuous current, 

Q Motor ' 


“rciT", or WW 

-o- 

I 

* 



Baltory. (The '.kick lines aie tho positive ]i’ofi'S.! 

Coil of wire. 

Tiicandcscciil lamp. 

Are hiin]i. 

Swilcli. 



Fusible out-oul. 

Arranged in parallel. 

„ „ scric,s. 

Feriod of an allernatiug current. 


The term ‘circuit’ is applied to any arrangomont of conductors 
and apparatus intended to carry an electric current. Thus to take a 
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simple example I give you a diagram ot an oloetric bull, With a battery 
aud push or prossel (Kig. 1 ). JJure tbo circuit runs from the battery 


• —1 A 

10 V 0 U l> y 



Fig. I. 

(hrougli tlic wires to the bull through the coil of wire and tlio contaet- 
breakur A, and then on to tho push 1’, friim the other terminal of which 
it goes back to the battery, lloro, when tho bell is not ringing, there 
is a break in tho continuity; this as it stands is called an ‘open circuit,’ 
since it is broken or oiiunod at the push, tlie pressing of which will give 
us apparently a ‘closed circuit.’ Idut whin wo close Iho circuit and 
tho bell begins to I'iug, a now state of aliairs i.s introduced, since the 
contact-breaker comes iutu action at every stroke and gives us an 
‘ intermittent circuit.’ 

When a ciu-ruut passes througii an apparatus in this way tho result 
is an ‘ iulcrmitlcut current ’ in tho form of short waves with a distinct 
break between each lasting for an niiprc(aalilo tiino. 

With certain forms of apparatus au ‘iuterru]itod current’ is 
obtained, in the form of y>criodic waves starting from zuro, rising to 
a maximum, falling again to zero, and instantly starting to rise again, 
so that only au iuliuitoly short break occurs. This is grairbhially shown 
in the diagram— 



&C, 


liue of zi-ro (loluuliiil. 


Fig. 2. 

Again, wo may have an ‘ alternating current,’ which is in the form 
of periodic waves starting from zero, rising to a maximum value in 
one direction, falling back to zero and thou rising to a maximum value 
in the opposite direction, aud so forth— 

/ 

I 

I Line cf zero iiroteiitiai. 

J 



Tig 3 

The alt-Tuations aro gonorjilly very rapid, from 50 coinploio oycles 
(or 50 r^) por second npwnrdi?, but ucvcrliiete if the eirenit ia 
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broken by a Bwitobj it may by chance happen just at that instant when 
the current-wave is crossing the zero liue, in which case no spark or 
sign of breaking a current would occur, even though many lamps wore 
thereby eztingoished. 

The most usual form in which electricity is used is the * continuous 
current,’ such as is given by a battery in action. This would be 
represented graphiciilly by a straight lino. 

An ordinary ‘ direct-current ’ dynamo is said to generate a conti¬ 
nuous cumnt, though this is not absolutely true. A number of 
separate internipted currents are generated, and their joint effect 
becomes practically continuous through overlapping, as you will see 
from the diagrams below (Figs. 4, 5 )— 



P'g 6 

We now come to the question as to the absolute direction of flow 
in a conductor. It is easy to determine the relative directions, but it 
is doubtful whether we can tell the real direction at all; in fact, the 
assumption of that knowledge is merely a very necossoi-y conven¬ 
tionality. It is convenient to say that the current in a conductor 
flows from the positive (or +) polo of the source of power to the 
negative (or —) pole. D wo know which pole is positive, then the 
conventional direction of flow is prodetenniued; and if, on the other 
hand, we have a current flowing, the simplest instruments will give us 
its conventional direction and identify tlio polos. 

If our current is being used in an incandescent lamp it matters 
nothing what direction it is travelling in; a certain rate of watts will 
keep the temperature of the filament at the required heat. But if it 
is being used for electroplating (for instance) it makes all the difference 
in the world, since the reversal of the direction of the current would 
cause the silver already deposited to be removed and deposited back on 
to the piece from which it came. 

Let us suppose we have seyoral conductors. A, B, C, just alike in all 
respects electrically. If wo join two of them up, so as to make one 
doable length, they are said to be in ‘ series.’ (They need not of course 

_* B 


fie- e. 

be straight; the same thing applies to coils.) It is then fairly evident 
that the resistance of the whole piece is double that of cither of the 
original pieces. 
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But we can also put them side by side and join the two ends of each 
together, respectively (Pig. 7). 

A 



Fig. 7. 


We then have a conductor of the original length, but of double the 
cross-sectional area. Here you will see that the combined resistanoo 
will be half that of eitlior piece by itself and one-fourth that of the 
two in series. This is called coupling them in ‘parallel.’ If we take 
three pieces instead of two, the resistances would in the same way be 
three times and one-third that of an original piece. 


Abo 



Fig. 0. 


Now let us take it that our conductors are of different resistances, 
say four, measuring 2, 4, 0 and 11 ohms. If they are joined in series 
the combined^ resistance is still the sum of the separate ones, each 
piece offering its original resistance in turn to the current. But if we 
place them in parallel we have to adojit a more complicated pro¬ 
cedure in order to find tho combined resistance. Since each extra 
conductor reduces the resistance it increases the reciprocal quan¬ 
tity—conductivity. So wo have to obtain the combined conductivity 
by adding the reciprocals of all tho resistances together thus: 
Jxix^XTV=||;(, and then tho reciprocal of this quantity gives the 
combined resistance |f|, or ‘96 olims. 

We will take some practical examples now of series and parallel 
circuits. Suppose wo have JO lamps of such construction that each 
requires an E. M. P. of 100 volts across its terminals, in order that it 
may obtain its full working current of fi amperes. Now we can 
connect these lamps either in scries or in parallel in tho way shewn in 

*•-*-*-#- * -*-#-«-»-*-»-, B 

lU lamps 8cri(‘8. 

Fig. 10. 



30 lamps paralloi. 

Fig. II. 


the figures where (Pigs. 10, 11) A, B are tho terminals at which the 
current enters and leaves. 

In the first or series case there is only one path for the current, and 
that takes it right through every lamp in succession. But as every lamp 
offers such a resistance to the passage of the cun’cnt that it requires 100 
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volts to overcome it, wc see that our source of power must give a currout 
of 5 ninperos at a diffcreuee of potential of lOtl x 10, or 1,000 volts. The 
power dovolopod will then bo 5 x 1,000, or 5,000 watts. 

Now iu the second instance, whore the lamps are in parallel 
betvvecE two conductors, there are 10 patlis open to tlie current, each 
•separate path requiring 5 amperes. If a difference of potential of 
100 volts is maintained between the two parallel wires, wo shall have 
the required condition of thing.s, sin^e there will then bo 100 volts 
E.M.F. at the terminals of every lamp. So hero our source of power 
must give 5 x 10, or 50 amperes at 100 volts, and the power will, .as 
before, be 5,000 watts (50 x 100), which is ju-eciseiy what we should 
expect, remembering that wo have the very same number of lamps alight. 

A combination of scries and parallel circuits is not unusual. Thus 
our 10 lam[is might be connected as shown in b'lg. 12, in whi( h case 



10 lamps, 2 in sories 
Fig. 12 


wo should require an E.M.F. of 200 volts to force the current through 
2 lamps in series, and a currout of 25 amperes for the 5 groups of 
5 amperes each ; this is called running “ two in series over 200 volts.” 

In ])rimary batteries, whorein the energy is generally inodueed 
by the oxidation of zinc, this metal is the positive ]iole from which the 
current flows through the external circuit to thn oUkt polo, of the 
battery, and thence through the electrolyte (or internal circuit) hack to 
the zinc. If we require more energy than one ocll is capable of giviug, 
we must connect several together and so get their joint power. This 
may be done cither by connecting them in series or in parallel accord¬ 
ing to the needs of the ease. If one coll gives suflident current, but a 
higher electromotive force is required, they must bo joined in series as 
iu figuie 13—where the thick short strokes represent the zinc or positive 

I VC ___ VC 

I 1 

• Cells in series. • 

A B 

Fig. 13. 

polo and the long, thin ones tho negative polo (generally carbon). 
ITou will notice that tho positive pole of one coll is connected to 
the negative of the next all through. This leaves a positive polo 
vacant at one end oni a negative at tho other, to which points 
A, B, the external circuit is connected. The difference of potential 
between these poles is the sum of the E. M. F.’s of all the colls. 
If one coll were accidentally connected up with its poles the wrong 
way as regards tlie re.?t, then not only would its E.M.h’. iwt he 
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added to the otliers, but it would also oppose Uiom actively, and thus 
make a difference to the circuit of twice its E.M.P. 

Now suppose we require a large current and are content with the 
E.M F. of one cell only, and wo must connect up in parallel (Fig. 14). 


^ve 



V e 


Cells in imra’lel. 

Fig. 14, 

In this instance all lire separafo positive ])Iatos must be joined 
together and all the separate negalivo plates. The etroct of tliis is 
that the combination becomes really one largo cell whoso E.M.F. 
reinaius tliat of a siuclo cell. But owing to the reduction of internal 
rodatanco that E. M. F’. is able to produce a j roportionately greater 
external current. 

I should perhaps say n word or two about ‘internal rosistance.’ 
In dealing with power generated by a battery the E.M.F. has to 
overcome not only the rc'sistanco of the external circuit, but also that 
of the cells themselves; tliis is partly duo to the electrolyte, or liquid, 
.and partly also in many c.asos to a ‘porous pot ’ which divides the cell 
into two compartments. This consists of a form of terra-cotta, in itself 
prmtic.aUy an insulator, but offering a paesngo to the current through 
the liquid contained in its pores. 

, , f” yow fho component parts of a dynamo, 

but it IS essential that you should have a clear understanding of the 
terms ‘shunt’ .and ‘scries’ as npplii'd to their field coils, A 
shunt, as the name shews, offers an altcrnalive path for some of the 
euireut; thus in a shunt-wound dynamo Ibcre aro two paths open 
from the terminals A B—one through the external circuit and the 
other through the shunt coils. Note that the two shunt coils in this 



Shunt dynamo, coils 2 series. 

Fie. 15. 

diaCTam (Fig. 15) are in series with one another, but that tho whole 
double length coil is a shunt across the dynamo terminals. Each 
coil IS thoreforo designed to do its work when half tho terminal 
FIM.F. is acting on it. In describing such a dynamo ono would sav 
bliunt coupled two series,’ or ‘ Shunt 2 
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It is soraetimos more convenient to couple the two shunt coils quite 
independently, each across the machine terminals and therefore in 
parallel with one another (Fig. 16). 



Shuut dynamo, roils 2 p,arallcl. 

Fig. 18. 

If you have to couple a shunt machine up and arc in doubt which 
way it is intended to be done, always try the coils in scries first, ntid 
if wrong no damage will bo done, sinco tlie current will be only half 
what is intended. On the other hand, if you put the colls in parallel 
when they should bo in series, you got four times the proper current 
and burn the coils up, apart from other considerations! 

In a series-wound dynamo (Fig. 17) there is but one path for Iho 
current, the whole of which passes in succession through the field coils 
and the external circuit, unless it happens to bo more convenient 



B 

Seriosovound dynamo, coils 2 scries. 

Fig. 17. 

to couple the coils themselves iti parallel, when half the current 
passes through each coll (Fig. IS). 



Series-wound dynamo, coils 2 parallel. 
Fig. 18. 
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A compound wound dynamo has both series and shunt coils 
superimposed on the magnets, and therefore both must be taken 
into consideration. The coupling of it may be any combination of 
the types shown in the above diagrams, and the series coils are hero 
generally known as the ‘ Main, ’ since the main (or external) current 
goes through them. A diagram of a compound wound dynamo will be 
shown presently (Fig. 19). 

Ohvh law.—lu explaining the term and unit of resistance to you 
just now I pointed out the constant relations between volts, umpires 
and ohms. This relation is embodied in Ohm’s law, which expresses 
the fact that “ the current varies directly as the electromotive force and 
inversely as the resistance.” It is usually written c = 5, where 0. 

stands for current, E. for elcctromutivo force and R. for resistance, and 
of course the equation stands equally well as R=-| , or e = c. a. This 

invaluable law makes the majority of ordinary eloctrical calculations 
very simple, since given any two quantities the third is found by 
simple multiplication or division. I say the majority of calculations 
advisedly, for the wrong application of the law has led many people 
into grave emrs. 

Now let us take an example of a simple electrical circuit (Fig. 19) 
in which a compound wound dynamo, capable of giving 48 amperes at 
an E. M. F. of 100 volts at the terminals, supplies current to 
incandescent lamps in parallel. (I have taken a dynamo of which I 
calculated the windings myself some years ago, and consequently I have 
full particulars of it in my note-books.) If the switch is open, or the 
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Com]>oimd wound dynamo supplying lfiiiip.s. 

Fig. 19. 

fuses in the cut-outs have molted, the external circuit is open oven 
though tho dynamo brr^hos are down. In that ease the only ciurent 
used will bo that passing through the shimt coils, and tho dynamo 
magnets are said to bo ‘ excited.’ 

Supjiosing, however, the circuit is closed and everything in 
W'irking order, we can study our units practically. First dealinn- 
with the external circuit, let us suppose that its total resistance 
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al a "Ivou tiiuo is aU olims. TIjou by Ohm’s hiw the current — 

^ uUiOt 

or 2 amiit'ros; tins resistance has therofore absorbed 100 Tolts in 
forciiifr tliat uiincnt through the lamps and wires. Consider 
now ono i)art ot the circuit only, say the piece of wire from 
m to «. If tlio resistance of that pieco is -2 of an ohm, then 
our rule will give us the proportion of tho 100 volts which is absorbed 
botweoi) those points, b'or since E=OxU, tho volts lost are equal 
to 2 X -2 or '4 volt, and this figure will rise in proportion as more 
current is transmitted through tho wire. Now on tliis circuit tho lamps 
would bo of suoh design as to give a certain dcfiuito oandlo-powcr 
when a prossuro of 100 volts is applii d tii thnv oini hnninah. If 
therefore tho wires absorb (say) 5 volts on their own account the 
lamp will only get 95 volts and will not therefore give its full 
brightness ; hcncj wo see the necessity of keeping tho resistance ot tho 
wires and connections within small and ronsouablo limits, so that 
when the full current is pas iiig they may not absorb too much power. 
I shall return to this jioiat in dolnil later on. 

Tho moi-t common—and matural—irror to make with rog.ird to 
Ohm’s law is jierhaps the, following;—As our dynamo is markod 
to give an onti)ut of 100 volts and 48 amperes, peojilo will ask if tho 
resistance of the dynamo is not 1™ , or 2‘OiS ohms. 'TliLs is due to a 
misconception, for a dynamo cannot bo said to have any total resistance, 
though each sc'parato jiarl has its own. The above flguias arc tho 
output in tho external ciro lit, and give the resistance of that circuit 
at full load—when the 100 volts are generating 48 amperes. I 
may appear to you to have hero contr.adieted my lu'evious sl.atomcut 
that tho resistauco of a ciicuit docs not depend ou tho currint passing 
through it, hut of eourso tho two cases uro not (he same. lu tho above 
instance, when the resistance of tho circuit was 50 ohms there wouH 
only bo about tbroo 1(! candle-power laiiqis alight, wliereas with 
48 amperes there would bo some 75 lamps in parallol. At full load tho 
power being absorbed in tho oxteuial circuit is 48-v. x lOO'a., that 
is to say at tho rate of 4,80J watts or 4'8 kilowatts. Ifividiug 
by 740, the figure I have already given you, wo find that is equivalent 
to 0’4 horso-powor. Also tim total amount of external work ilono 
in ono hour will bo 4,800 w*tt hours, or 4’8 L*oard-of-Trado 
units. 

Next let us take tiro armature of the dynamo. Its reslstanoo under 
full working conditions of temperature is -07 ohm, aud thoreforo when 
48 amperes arc being generated there is a drop of -07 to x 48 a., or 8'4 
volts. These are known as tho “lost volts” in the arinaturG, sineo 
they aro generated hut do not give any useful effect at the lamps, nor 
are they shown on the voltmeter; they have to ho taken into 
account, however, as we shatl sec. The power wastoJ iu tho armature is 
3'4 V. X 48a., or 103 w.itts. 

Taking the field magnet coils wo have two separate calculations to 
make—tho main (or serios) and the slmnt coils. Tho main coils wore 
coupled iu serios, tho total resistance being ’01 ohm. Tho main 
current pias-ing through the?e coils will cause a drop ot 48 a. x Olw. 
or I'i) volts, the power wasted amounling to l ltv. x 48'a , or 91 waits 
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llotuvning to the lost volts we can now find the actual E.M.P. 
generated in the armature— 

External circuit ... ... 100- volts. 

Loss in annature ... ... 3*4 „ 

„ main ceils ... ... I t* „ 


Armature E. M. E. 


105-3 


Ltustly, the shunt coils wore also coupled in series and had a total 
resistance of 25'2 ohms. The full E.M.l*'. of 100 volts is applied to 
this (for the cuds of the shunt are coupled to tho brushes of the 
machine), and tho shunt current is therefore or 3 93 amperes. Tho 
power absorbed is at the rate bf 100' x 3’98=398' wafts. 

What happens to all this—so to speak—waste power ? It is con¬ 
verted into heat in the conductors and is dissipated in the air. And 
this brings mo to tho ordinary method of calculating the watts so lost in 
any circuit. It is just as simple and often far more convenient than 
taking the product of the current and tho volts— 

By Ohm’s law E=C! x It. 

Now watts=E. X 0. 

=C. K xO. 

It. 

So if we square the current and multiply the result by tho resist¬ 
ance, we get just tho same figures as before. It is a common practice 
to call the power used in conductors tho ‘ R. ’ watts or losses. 

This completes the calculations of the losses in the conductors 
of the dynamo or ‘ coppor losses, ’ and we will now summarise our 
results— 

Los.scs in armature IV4v. Xt8 a. ^or (48)X '07 | =163 watts. 

„ „ main coils 19v. XlS a. ^or (18) X II'1 j = 91 „ 

„ „ shunt „ 100-v.X3-98a. |^or(3'98/x26-2 j=398 „ 

Total copper los.scs ... CC2 „ 


Now wc have all tho figures necessary to obtain tho ‘electrical 
efficiency ’ of cur dynamo ^vhich=_„-,;^:-^::;^;;;,j^, - 
or just over 90 per ccut. 

To obtain tho ‘commercial efficiency’we must take into account 
tho watts lost in ‘ hysteresis ’ in the iron core—due to the iron not 
losing its magnetism instantly, and consequently having to be domag- 
uotised hy tho current at each reversal—friction of tho moving parts in 
the bearings, windage and stray ‘ eddy currents.’ The hystorisis watts 
amoimted by calculation to 120 ; I have no record of the remaining 
ones, but think we may take them at about 350 watts. This adds an 
extra 470 to our denominator and makes the commercial efficiency or 

84 pi'r co’if- 



LECTURE II. 

SIa'I'ekiai.s used in Electric Lighting. 

T INTEND jjjjg second lecture to deal not so much with electric 
"*■ currents as with the ajiparatus for carrying, controlling and using 
them in bouses so that you may learn to know what to use in any given 
instance; for we meet with a great number of different conditions 
in electrical work, and what is sauce for the goose is often by no means 
so for the gander. When electric lighting first came into use the 
nearest man who ran boll wires was sent for, and he put up wires of the 
same sort and in the same way with (gi ncrally) most unsatisfactory 
results. It has recently become a very general practice to use a 
pressure of 220 volts at the lamps in jdace of 110 or 100 volts; the 
cora|iany who supjdy Cah ulta are using this pressure, and so are the 
Darjeeling Municipality. Hero again the internal wiring work must 
ho of a higher standard than would pass for 110 volt work, and some 
of the aecossorios have to he radically different, typos known as ‘high 
voltage’ fittings having arisen to supply the w'aut. Again, there is 
a wide differeiieo between what is penuiasihlo in 220 volt work and 
on high tcnsiim oircuils of !,000 or 2,000 volts. 

Coiiiiiictors .—AVe will start with t.ho eondnetons (wires and eahles) 
for which, inside houses, no material other than copper is ever used. 
At the present day enormous quantitie.s of this metal are required for 
electrical puiqioscs all over the world, so there is no great ddlionlty in 
obtaining it pure, and this is a vitally important point, for small traces 
of impurities are sullloient to increase the .specific a'csist.auce out of all 
proportion, in which ease all calculations WseJ on the use of pure 
copper would ho vitiated. Until com]iarativoly recently' chemically 
pure copper was scarcely ohlainablo out of the lahoralory, and even 
Mathieson’s standard, wliich is generally quoted in spoclficatious, is not 
for perfectly pure metal. Not long ago the eonductivity asked for was 
98 per cent of Mathieson’s standard, but now 100 per cent, is more 
usual. For insulated conductors circular copper wire is genernlly used, 
though other forms are being introduced in some eases, 'rhero are 
several different scales of gauge, hut the one wo shall keep to is the 
British legal standard wire gauge, refeiTod to as S. W. G., and I 
give in Appendix I a handy list of useful figures with regard to it. 
AVires are used oilher singly or stranded, and preferably' the latter 
except for very small sizes. In a stranded cable it is usual to make 
all the strands of one gauge, and there are then certain definite 
numbers of wires that will group together compactly. Throe strands 
will evidently do so, hut this number is only used with 2 or 8 small sizes 
of wires, 'i’hc next grouji we can get is that formed by a centre wire 
surrounded by a complete circle of others. If you try it with the 
compasses you will find ti will just go, giving us a 7-strand cable. 


F.g 90 . 



Ftg 21. 
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(Fig. 20). Boyond this it is nasy to (lotermiue grapliioally the natural 
fombiuatious (hat will strand round a oentre wire since it is a simple 
series; for if we take the cross-section of a 7-Btrand oahle and divide it 
up by converging radial linos between each jtair, (Fig. 21) wo then see 
that the series is— 

1 ... ... ... ... ... = 1 

1 + f! ... ... ... ... = 7 


1 + (! -h (G X 2) ... ... ... = 10 

1 + G + (G X 2) + (G X G) ... ... = 37 

1 + G + (G X 2) -)- (G X 3) + (G x 4) ... = Gl 

1 + 0 (G X 2) + (G X 3) + (G X 4) + (G x 5) = 91 

The immhors can he expressed more simply by the formula;— 

3.\ (Jl + 2) 1 = Number, N being any whole number. 

Whether a single wire or a sti'and is used, the cross-sectional area 
of the copper should in no case he loss than that of one No. 20 
S.W.Q. wire and generally of a No. 18, however small a current 
is to he carried. A smaller wire has not suthoient mechanical strength, 
and is very .ajit to got hiokcu or rr'duecd in section in handling. 
Bliould the (londitions require a larger cross-section than one No. 16, 
then a sirnnd should always be used, itartly boeauso the breakage of one 
si rand still leaves a fair imth lor the current and also because of its 
greater ilexibility and adn]itability. 

Co[iiter wires intended to be covered or insulated are usually coated 
v'ith a him of tin, 2 'nrtly bocatrso that metal is less affected by damp aud 
vulcani^ng compotrtids, and also bccarrse it urakes the soldering together 
(d' two wires so much ea,sior. The electrical ed'oet of the tin is inaiqrre- 
ciuble, Bare wire is used for condrretors orrt of doors iu many places, 
but for use in horrses lire wires must bo widl iusrr’atcd, and this can be 
doirc in several ways, h’or such lircuits as electric bells and house tolo- 
phoncs the wire is covered with 2 spiral layers of cotton wound iir 
different dircclions, but this was soon found inadmissible for electric 
light circuits. Itrdia-rubbcr was pr esently aoerr to be the bc.st material 
lor the ptrrqiose, aud was wound on in sjiiral layers over a preliminary 
layer of cotton and therr 2 irotected by cotton tape or flax braiding. 
This wos a great improvemerrt, and indeed in I’trfeotly dry jrlacos 
lasted many year.s, but it offered a path for leakage in damp 2 >laces 
through the laps itt tire rubber. Practically all wires for this jmr- 
pose are now insulated with vulcanised India-rubber; iu this process 
the corrductor is covered first rvith a lajr of prrre Irrdra-rubber, then a 
lap of a sjieerally iirepared vulearrrsiug India-rubber, then ludia- 
rubher-eoated tape. The eahle is thru ke 2 it lor ^ to j Irour at a 
tom2)orature suflieiont to soften the rirbber and cause it to become 
homogeireons—ahorrt 300" Fahr. After this the insulation is usually 
protected mechanically by flax or braid, which is coated with a tarry 
product to keep tho damp out. Such a cable can be put bodily info 
water and retain its insulating ]iro 2 ioilics ; indeed, every coil is usually 
guaranteed to have been tested after inrmtrsion tor 24 hours. 

This brings me to tho questiorr of how tho insulating qualities of 
tho dielectric on a wire or of any other irisulatcir are defined. 1 have 
cx2ilaineii to you previously that the term ‘ insulator ’ is only a 
comparative one, aud therefore it is only a question of figures to exjucss 
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its resistance in ohms. It is more convenient, however, to fake a 
larger unit, and the resistance is therefore expressed usually in 
megohms, the term meaning 10'’ (1 million) ohms. A cable of the 
highest quality for high-tension work will have an ‘ insulation resist¬ 
ance ’ of from 2,000—0,000 fl (megohms) for one mile length. 
Obviously 2 miles would have half this resistance, and a half mile 
double it. For ordinary electric light work in houses cable of from (100 
—750 n quality is used, and in dry countries—amongst which 
Bengal cannot bo reckoned—300 fl is sufilciont. 

I)ry air is one of the best insulators known, and advantage has 
been taken of this fact in recent years to make cables for various pur¬ 
poses in which air insulation ploys a part. The wires are actually 
enclosed by paper, but this is put on loosely and in such a way as to 
allow the air to assist in maintaining the resistance. But since damp 
jmper would rapidly become a source of danger, the whole is contained 
in a tube of lend hermetically scaled. Ilubber cables are also often 
covered with lead—which is forced on by hydraulic prcssuic-and in 
some cases there is an armouring of iion or steel wires oulsido to give 
mechaiiioal protection and strength. 

In certain cases and for certain work it is convenient to have two 
or even three separately insulated conductors made up into a single 
cable. In such cases it is usual to put one stranded conductor of 
circular section central, and then place the other one or two around it 
concentrically, each as a circle of sc])arato wires scjiaraled by insidation 
from Iho other conductors within and without. Or the middle and 
outer conductors may be in the form of a number of small segments of 
almost rectangular cross-section, which together make up a circular 
tube enveloping the central conductor. Another form in which con¬ 
ductors are made up for electrical work is that known ns the flexiblo 
cord. For any movable fitting, or for use with a pendant where 
appearances must be considered, these special conductors are used, made 
up of a great number of strands of very small wire, say No. 38 or 
40 S.W.ti. These are laid togctlnr and insulated with pure or vul¬ 
canised India-rubber and then covered with braided cotton or silk. 
From their construction such conductors ns these arc cai .abln of being 
bent round angles or even tied in knots to almost any extent without sus¬ 
taining damage. Two such conductors twisted together spirally consti¬ 
tute twin flexible, and this is the form in which it is most generally 
used. On a larger scale you will find that the brush leads of dynamos 
arde maeof heavy flexible conductors, though this will not have a fancy 
covering of silk but bo rather made for standing hnrd wciir, just as 
the twin flexiblo in use in mills, &c., is that known as ‘ worksho[> 
flexible ’ and has both conductors enclosed by strong braiding for 
mechanical protection. 

Joints in conductors of all sorts arc things to be avoided ns far as 
pos ible, and it is often possible to avoid them altogether, as I 
shall show you presently, but, as a general ride, a certain number will 
find their way into any given installation. It is of the utmost 
importance that these jsiints shtuld be mechanically and electrically 
perfect, though this condition is very ajit to be overlooked. It is 
evidently useless to have—for example—a No. cable insulated 
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with vulcanised rubber to 750 fi per mile, with a joint in it whore two 
of the three wires have been cut off and the third merely twisted on 
to the next length and then the whole covered with a few oaroloss 
wrappings of pure rubber. That is one example out of many of what 
one finds occasionally. Tho properties of a perfect joint are that 
its conductivity must be at least as great as that of any part of tho 
solid conductor ; that it must be mechanically strong and yet not 
dependant on that strength for its conductivity through mere contact, 
and that its insulation resistance must bo as good ns tliat of the 
original cable. First, taking tho joint in the conductor itself tho 
procedure will bo as follows:— 

The protective tape is removed for a few inches from both the free 
ends, and tho rubber is then cut away for a rallier smaller distance 
and carefully tapered off; or if tho joint is a tee thou a clear space 
is prepared on the unbroken conductor and tho insidation on either side 
is frc.atod in tliis way. Hero is tho first danger, namely, that in 
(mtting aw'ay tho tape and rubber you may accidentally bring the 
knife down on to the copper; the result may be a very small 
nick only, but when tho wire has been bent about a few times it 
will ojicn out and render the joint a source of danger. In ciitliug 
away in.sulation remtunbor always to hold tho bhule of your knifo 
parallel with the wire and to make tho cut longitudinally. The in- 
subation then peels off easily, and even if the copper is scratched its 
sechional area and strength arc not materially reduced. Of course 
in tajioring the end of the rubb(!r you have to hold tho knife at 
light angles, but} on can then see the copper and avoid damaging it. 
Wo now have several iuihes of bared wire on each eondiietor and the 
insulation properly ]'r('p.ared, and the next thing is to clean tho con¬ 
ductors. If they are tinned oojiper—as they almost always are now— 
they will generally need wiping only, Imt if they are dirty or nutinned 
a eloan-u)i with fine emery elofh is necessary. 

From this point the jiroceduro differs according to the sjiocies of 
joint and tho number of strands in ttio coniluetor, and wo will start 
with jointing only, considering tho ro-insulating later on. First, taking 
the ease of a single .strand oonduol or to ho teed on to another similar 
eondiietor or on to a stranded one, it is simply wound on fairly tightly 
for about balf-a-dozen turns. The soldoring is then done at the 
last two or three turns, and not at lliojioiut whore the joint actually 
hranehes off, tlins preventing any risk of break.age due to tho harden¬ 
ing of tho wire and tho uinielding nature of tho soldered part. 
(Fig. 22.) 


Eig. 22 

If a stranih'd cable is to bo teed on to anollior tho bared part is 
opened up and each strand sofiarately straiglitcned and ele.aned, the 
strands being divided into two groups and saddled over the bared 
portion of the unbroken wire. Then the groups of wires are 
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wound around in opposite directions 
soldered as before near the ends (Pig. 2;i). 


for several turns and 



fig 23. 

In making a joint between the free eiul.s of two small single wires 
the best way is to place them side by side for an ineb or two, bind 
them togothcr with thin tinned copper-wire (‘binding wire’ No. 
33 fe.W.tl. or thereabouts) and solder (Pig. 31). Or they can be 
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twist(<d, eaeli spirally roimd the other', and soldered, but (his does 
not make such a neat job (Pig, 3d). 



Fig 2b. 

Where two stranded conductors are to be joined at (lieir free ends 
there are two recognised methods of doing it. I’he lirst i.s tire scarfed 
joint, which is also used for fairly large solid eondnntui'.s in many cases, 
as for instance the main coils of dynamo magnet.s. The strand.s are 
soldered together solid, and then each conductor is filed to a tnjrer on 
one side until a large flat surface is available; the two tapered surfaces 
are then brought together, and tho whole bound with binding wire and 
soldered. This joint is fairly solf-testing, since its mechanical strength 
is almost solely dependent on good soldoring (Pig. 30). 


Fig. 26. 

The next best method is to interlace the separate wires. If two 
stranded conductors are to bo joined, each is untwisted for about half 
(ho bared up length, and the wires so opened up are straightened out 
until radial. Tho core or central group of wires—if tho cable has 
above throe strands—arc cut clean across at (he middle point, and then 
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(lie (avo ('omluotors are brought together until the cut cores butt against 
one another. Then the outside wires of each cable are alternately 



Fig. 28. 

jiasscd bolwocn tlioso of the oilier and wound around (ho conductor 
bevoiid in revel sedircci ions (Figs. 27, 28). This joint, even when 
unsoldered, has great meehanienl strength, and when soldered fairly 
through is also thoroughly reliable eleetrieally. 

In all casi s it is essential to use rosin only as a Ihix when soldering, 
since acids and Iluids alinoat always cause corrosion sooner or later, 
with the consequent reduction in cross-section. We must now consider 
the insulating of the joints made in any of these waj’s. If the cables 
arc of a good quality and vulcanised, it is evidently best to also 
vulcani.so the joints. The jiroccss of doing this has been already 
described, and in carrying it out in jwactiee tho prepai'cd joint is jilaccd 
in a special iron box and heated either by pouring in a melted mi.vture 
of sulphur, ite., or else electiicnlly by moans of internal heating coils 
and a portable battery. The one thing absolutely essential in making 
a good vulcanised joint is cleanliness. Tho whole of the material used, 
and the hands of tho operator, must be kept clean with benzol, or tho 
result will bo bad. linfoitunately to vulcanize a joint takes time and 
trouble and needs good supervision, the consequence being that scarcely 
any firm will take (ho trouble to do it, despite tho obvious advantages. 
In fact to specify that all joints ore to be vulcanized is, I have 
found, equivalent to entirely forbidding the use of any joints at all. 

Failing this, the ordinary method of insulating a joint is with 
pure India-rubber tape. I have already told you that the vulcanised 
India-rubber of the cable should always bo tapered down towards the 
joint; a little ‘rubber solution’—«>., India-rubber dissolved in 
carbon-bisulphide—is spread over the surfaces and tho tape is then 
wound on sjiirally, each turn overlapping tho one before for half its 
breadth. Thus three complete layers will give six thicknesses of the 
tape. Over tliis is wound a layer of India-rubber coated tape in the 
same way, fixed with the solution and preferably tarred aftcrwaids. A 
joint carefully insulated in this way is quite reliable for some years, at 
any rate for indoor work. 
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Liiniji.s .—Lot US now considoT incandescent lamps for a few minutes. 
Until a few years npo one firm—The Edison-Swan Company—had the 
entire monopoly of the lamp trade owing to their master patents ; at 
present there are scores of makers of good lamps, though I still consider 
the ‘ Ediswan ’ lamp holds its own as one of the most reliable. A mongst 
other good ones may bo mentioned ‘Itobortson,’ ‘Sunbeam’ and 
‘Steam’ lamps. 

There are many types adapted to the dilferent needs of the 
generating plant and tho consumer, but for any given purpose a lamp 
should have tho following characterif-ties:— 

(1) It should bo economical in current for tho light given, f.c., 

the power used in it in watts divided by tho candle- 
power should give a comparatively low quotient. 

(2) It should have a long life before blackening or burning 

out. 

Now these two properties militate somewhat against one another; 
the more economical the lamp is in current, tho higher is tho tempera¬ 
ture of tiro filament raised and tho whiter is the light, but the fact of 
employing a higher tempnrat.nre is courting tho destruction and dis¬ 
integration of tlie filament. In order to bit the hapjiy medium you 
must consider what tho cost of cniTont is. If you are paying a very 
high price for current it will ho be.st to put ‘ high etliciency ’ lara[iH 
in, since they save a lot of current and are not oxpousive to replace ; 
oir tiro other hand, where current is very cheap it pay.s to use more 
current and save lamps. 

The ordinary pressures met with arc 110 and 220 volts, and tho 
lamps for these pressures have to diifor somewhat. Ohm’s law holds 



110 Volt Lamp, 220 Volt Lamie 

Fig. 29. Fig. 30. 

good in tho lamp ns elscwliero, nnd witli a given pressure the cunont 
depends on the resisfanco of tho filament. So for a given thickness 
of filament at a certain temperature douhlo tlie length must he ('iiqiloyed 
for 220 volts, in order to give tho (tirrent that 110 volts would 
produce in a single length. But note hero that the resutaucc of a 
lamp filament taken cold is not much guide to its resistance when 
hot. Unlike all the metals, tho resistanoo of carbon—of which of 
course the filament is made—di-ops as the temperature rises, nnd at the 
very high and (in diffennt lamps) variable temperatures of working 
is altogether a different figure to tliat obtained with a cold lamp. 
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When a lamp Las been at work a few hundred hours the 
globe begins to blacken from deposition of carbon on it. It is roally 
a case of molecular bombardment in ranio, the jiartiolns being shot off 
from the negative side in all directions in straight lines, and occasionally 
a very black lamp will bo found in which there is a clear line where 
the positive side of the filament has entirely shielded the glass from 
bombardment, showing that the particles take a perfectly straight 
course. As lamps get black their useful candle-power diminishes and 
their efficiency consequently falls, so that it does not pay to use them 
to the bitter end, and where placed among inflammable materials they 
are even somewhat apt to bo a source of danger, since the bulbs become 
hot through arrested radiation. Often, however, the lamp settles the 
question by ‘burning out,’ in., the filament gradually gets thinner 
from loss of carbon and the weakest spots rise in temperature above the 
rest until finally a break occurs. 

Different candle-powers are obtained in lamps by giving them 
varying lengths and thicknesses of filament, t.e., different areas from 
which light will be emitted. The most generally useful lamps are of 
8, 10 and 02 candlc-jiowcr, the latter being almost too strong for com¬ 
fort for indoor uso. Lamps of 4 or 5 candle-power aro sometimes used 
for passages and small rooms, and also as artificial candle lights; but at 
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present these cannot bo obtainol for uso with a higher pressure than 110 
volts owing to tho difficulty of making suitable filaments. They aro 
titled with small 15.0. terminals usually, so as to fit into a miniature 
bayonot-holder. Lamps of miniature size and very low candle-power 
cun lie obtained for special purposes, but only for use with low pressures 
of 2 up to 20 or 30 volts, such as aro available with portable batteries; 
those wo need not consider at all. Lamps of 60 C.P., lOU C.P. and up to 
2,000 C.P. aro made for all ordinary pressures, and aro sometimes 
useful for lighting large outdoor sp.accs or buildings, but they consume 
far more power for a given cnndle-powor than au aro lamp and aro 
therefore to he avoided whore the latter can be used unobjoctionably. 

The most recent development in incamloscciit lamps is tho Nornst 
lamp, tho principle of which differs considerably from that of tho Swan 
lamps. Instead of a filament of pure carbon some of the rarer earths, 
such as are used in the Welsbacli gas lamps, aro employed. 'Ihese con¬ 
duct only when heated, so a preliminary hoating is uocossary by means 
of a spirit lamp or a platinum coil in the circuit. As these earths are 
oxides there is no necessity to keep them iu m'liu, and iis they can be 
heated to intense whiteness without disintegration, great economy should 
bo obtainable. The lamps aro not yet ohtaiuablo commercially. 

So far I have been coiibidoring lanqis for parallel buruiiig, but in some 
eases special lamps arc made for series woik. In this case, as already 
explained, tho current passes successively llumigh every lamp, while 
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eaob lamp causes a certain number of volts to be lost. As the beat 
given off depends on tbe watts expended, so does the light under given 
condition of temperature in the filament, and a 64-watt 16-0.-P. lamp 
may bo either made for 110 volts and ’58 ampere for parallel work¬ 
ing, or for 2 amperes at 32 volte in series with any number of others 
on a high pressure circuit. In series working if one lamp gives 
out for any reason the circuit is broken, and all the rest are there¬ 
fore put out; this has to be guarded against by automatic gear which 
completes tho circuit afresh and puts in resistance equivalent to that 
of the burnt-out lamp. Series working of incandescent lamps is 
consequently not often employed for domestic work, and seldom even 
for public lighting. Tho holders of series lamps contain the automatic 
di vices, which consist of a spring contact-maker to complete 
the circuit when the lamp is not in tho holder, and of another 
wherein tho eontaot is only conjpletod if tho lamp bums out by 
a spark traversing a small short oircuiiing device with its terminals 
separated by an easily pierced sheet of insulating material. In Govern¬ 
ment House, Calcutta, the ball-room is necessarily lit by lamps run 
two in series; for the lighting is by artificial candle lamps, which, as 
I mentioned, are not obtainable for a pressure greater than 110 volts. 
As the Supply Company’s pressure is 225 volts, this artifice was rendered 
necessary, but this is not in tho same category as ordinary series light¬ 
ing, and the failure of one lamp atlocts only one other. 

In ordinary incandescent lamps the po'w er consumed varies from 2^ to 
4 watts per candlo-jiower, tho first figure being for ‘ high efficiency' and 
the second for ‘ long life ’ lamps; thus a Iti-C.-P. lamp will take from 
40 to (i4 watts. For 220-volt work the lamps are generally made for tho 
lower efficiency', and a 220-volt lO C.-P. lamp roquiiiiig 64 watts will 
take 4s or ’29 ampere. In making calculations I shall always assume 
64-watt lamps, since even if not installed at first they probably will 
bo sooner or later, and this will give a factor of safety in tho 
wires. You will gather that for any given number of lamps the 
higher tho pressure tho lower the current, and therefore the smaller 
tho conductors, so 220-volt work eaves considerably in prime cost 
on this account. Against this must bo put the fact that good high 
efficiency lamps are not obtainable for the pressure and that the 
life of even tho ordinary ones is shorter than that of low voltage lamps. 
Tho life of a lamp is generally reckoned as 1,000 hours of burning, 
but it may extend to double as much, and it may end in a few days. 
The current is convoyed to tho filament by platinum wires sealed into 
the glass and cemented on to the carbon ; fortunately this metal has 
the same coefficient of expansion as glass 

Terminah and holders .—On the outside there are various forms of 
terminals for putting the lamp in tho circuit, with lamp-holders 
adapted for each. The simplest is whore tho platinum ends are bent 
into loops, which are gripped by little spring hooks in the holder, but this 
is not much used now except for high candle-power lamps. In another 
form one wire is soldered to a central piece of brass and tho other to 
a ring outside it, the two terminals being insulated from one another 
by plaster of Paris or a vitreous material, which also cements tho termin¬ 
als to the lamp. The ring has a screw thread and fits into a screwed 
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holder which has a central terminal forced upwards hy a spring. Tliis 
arrangement is known as tho ‘ Edison screw lampholder.’ 

You will here generally find the lamps have B.O., or brass collar 
terminals, the loading in wires being soldorod to two somi-circiilar 
pieces of brass, surrounded by a brass collar and the whole cemented to 
the globe as before. In this class of lamp, unlike the kst described, the 
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outside collar is not part of the oh'ctricnl circuit, nor is the outside 
frame work of the lampholder. In tho holder there arc two spring 
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contacts which engage with tho two brass segments of tho lamp 
cap, and in tho latest patterns, for use on high voltage (220'’•) circuits, 
each of these contacts is entirely s'.irrouudod by porcelain, in wliich 
material they are also mounted. This class of fitting is known ns tho 
bayonet-holdor, since tho lamp is fixed in it by a thrust-and-tui-u motion. 

A lampholder may bo required either for attacliing to a bracket or for 
hanging down ns a pendant; in the former case it will have a f" or i" 
emale screw thread; in the latter caso a ‘ cord grip ’ will bo attached 
to it—this being a device consisting of a split cone of wood, with two 
grooves somewhat smaller than the wires whioh grip them and prevent 
any strain coming on the lamp terminals. 

No satisfactory switch lampholder for 220 volt circuits exists .at 
present, and it is best to avoid using the ordinary types on circuits for 
tho higher pressure as there is a possibility of an arc forming iusido the 
holder. The problem of designing a switch to go in such a small space 
and yet fulfil all tho conditions of 220-volt supply is no easy one. 

Cut-outs .—Any device for breaking n current nutonialic,all 3 ' when 
too great or too small may be called a cut-out; but for the present I am 
confining raysolf to work in houses, where a cut-out generally means a 
fitting containing a short length of fusible wire in scries with tho 
circuit, which molts and breaks the current when it is excessive. If a 
conductor is large enough to carry 10 amperes and you put 20 throiiglr 
it, the result is heat; if you further increase the current, the wire wilt 
get hot enough to molt its insulation, and finally to firo it and any 
inflammable material near. A gainst this danger it is necessary to protect 
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houses, so cut-outs are iiitroduoed at cortaiu poiuts and provided with a 
“ fuse” which will melt before the conductor has amved at a tempera-, 
hire to damage its insulation. Where they should bo placed is a matter 
I shall go into later on; for the present we will look at their construc¬ 
tion only. The essential requirements of a cut-out—and the same may 
bo said of switches, eeiling roses and wall plugs which wo shall deal 
with presently—are that both cover and base should be of incombustiblo 
(preferably non-conducting) material, well insulated ns to the base, and 
with sufficient space between the terminals to prevent an arc maintain¬ 
ing itself under any circumstances; and they should have no conduoting 
parts at the back. Nearly all small house cut-outs are now made with 
a porcelain base and cover; for 110 volt work only two segments of 
brass, with termiuals on each for the conductor and the fuse, aro 
needed (Fig. d5). Hut for 220 volts now types have been introduced. 




in the best of which the fuse wire has to ji.-iss Ihrougli holes in n central 
hollow cylinder of porcelain lined with plaster of Paris (Fig. 30), 
This chamber reduces the liability of damage when a fuse melts—for 
the suddenly heated air is liable to'hlow the cover to pieces; unless it is 
ventilated as recommended by the Instihdion of Electrioal Engineers. 
In these cut-outs a single strand of No. 40 cop])er wire is (ho safest 
fuse to use for a circuit of one or two lamps only, but it should be 
thickened up by one or two more strands near the (orminals or it may 
melt unduly often from deterioration where it touches the plaster. 
For ordinary work, and for cut-outs contained in distributing boxes, 
pure tin wire is a better material, since its melting point is far lower 
than that of coi'per. Load is often used, but is very nnreliablo owing 
to the coating of oxido which always forms on it, and it should bo 
avoided. Much auiioyanoe is caused in a house when the lights go 
out owing to tho melting of a fuse, and in reality this seldom need 
occur if tho fuse wire is of the right size and carefully fixed in, and if 
no unnecessary cut-outs are introduced. In Appendix II will be found 
a useful table of the fusing currents of various sized wires of both tin 
aud copper, which may be used as a basis of calonlation. 

In many case-s it is necessary or desirable to have a fuse in each 
pole of a circuit, and cut-outs used to bo made with two sets of 
terminals for this purpose Such ‘ double polo cut-outs ’ should never 
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Le used unless there is a porcelain partition between the two poles, and 
even then they are undesirable, since the porcelain may get broken and 
expose the conductors to a chanoe of short circuits. The modern system 
is to gi’oup all the out-outs at certain ‘ distributing points ’ instead of 
putting them casually wherever it is convenient, and in such cases all 
the cut-outs of one polarity for a number of different circuits are placed 
in a single box. Slate is then generally used as a base, and in some of 
the best types all the fuses are mounted on vertical porcelain bridges 
which can bo changed at a moment’s notice. 

Smtclies.—A switch is a device for making or breaking a circuit 
whenever it is requisite by completing the metallio connection between 
two separated terminals on the same pole. The essentials of a good 
switch, in addition to the points just now mentioned, are;—(1) There 
should bo ample rubbing contact to prevent overheating. (2) There 
should be a quick break (usually obtained by a spring) of sufficient length 
to prevent an arc being maintained when the current is broken; the 
length of break must therefore bo regulated according to tlio pressure 
of the supply. (3) There should bo no possibility of the switch 
remaining in an inlonnediate position botween on and off. (4) Shocks 
should not bo communicated through the handle which should be well 
insulated from the conducting parts. 



IVuiblcr switch. KJiswan switch. 

Fie. 37. Fig. 38. 

Most switches arc constructed on a lever system, so that a small 
motion of the handle causes a large motion of the breakin"- gear, 
and a spring is generally fixed in such a way that at the moiarnt of 
broking contact, it comes into action and carries the lover to its extreme 
point almost instantaneously (Figs. 37, 38). 

Ceiling roses .—When a pendant is to bo hung from a ceiling it is 
neoessa^ to have some support for it, ns well as a means of oonueeting 
the flexible wire to the ordinary conductors. A good ceiling rose for 
this purpose should be entirely of porcelain, base and cover. The con¬ 
ductors come in from the back and pass through holes in the porcelain 
to brass oonneoting screws. From other screws on the same {dates tho 
flexible wires are taken off to the lampholder through a hole in the 
cover. If any strain were put on the flexible, in Such a case, It is 
more than probable it would break at the terminals. To prevent this 
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some ceiling roses are fitted with a cord grip, somewhat as described in 
the case of lampholders. The more ordinary method is to pass the 
flexible through the cover of the ceiling rose and then tie a knot in it, 
leaving a small amount of slack in the cover. 

It used to be the custom to put fuses in ceiling roses, allowing an 
extra terminal for the purpose, and in some oases this may bo necessary. 



As a gouoral rule, liowcvor, it is far bollor to avoid tlu' pvaotico by 
putting all nooossary fuses in places wliore tlioy arc aecossible. In 
using n 3-terminal coiling rose without a fuse, the fuse toiminals should 
be bridged over with a piece of copper wire of as largo seetioti as the 
eonductor. For 230 volt work the terminals of dillorcnt polarity should 
bo separated by a porcelain partition. 

irill xoehU .—For many purpose-s portable lamps are used and the 
flexible wires leading to the fitting must then bo capable of easy discon¬ 
nection from the circuit. In such cases a wall socket is used, and a plug 
is attached to the flexible wire of the fitting. Wall sockets and plug.s, 
like the other fittings just described, are usually mailo of porcelain, and 
the wires are brought through holes in the back to the terminals. Two 
general forms exist—“2-pin” (Fig. 40) and “concentric” wall sockets. 



In the former typo the plug has two projecting brass pins, Split to 
make them sjrriugy, which will push into two brass tubes in the socket; 
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tlie conducting wires are joined to the tubes and the flexible is taken off 
from the pins. The tubes should be sunk sufBciently in the porcelain 
to prevent an accidental short cirouit occurring. 

In the concentric type the conductors are led to a central pin and a 
concentric ring respectively, the plug having a central tube to fit the 
])in and an external band to fit inside the ring. In this type the 
liability to short-circuit is greater and they aro not so satisfactory, 
especially for work. In each cose provision is generally made for 
a fuse, but it is sometimes better not to use one. 'I ho plug should have 
either a cord grip or else provision for a knot to be tied in the flexible 
inside it, otherwise there will be frequent breakage, but unfortunately 
the I'lugs in the market generally have no such provision. Users take 
some time to Icani that the flexible is intended to caiTy the current and 
vot to pull the plug out by. It is only after paying a good many fees 
for repairs that this is realised. 

Ruming eirciiita.—As a preliminary to considering the best practical 
systems of arranging wires and fittings for given purposes—which 1 
propose to deal with in the next lecture—wo will now turn to tho 
actual methods of fixing tho wires in any part of a house. When 
electric lighting started tho only experience to go on was that of electric 
bells, and consequeully the conductors wore simply stapled to tho walls 
or woodwork. Tho staples generally damaged tho insulation—poor 
enough to start with—and breakdowns wore consequently frequent, and 
yet 1 quite recently found some newly erected work of this description 
in an installation. The first improvoraont ou this was tho use of 
wooden cleats with two grooves some distance apart for tho wires, 
which were attached to tho wall by a central nail. Such work w'as 
very ugly, .and tho fact of having the wires on tho wall conduced to 
leakage. Later a striji of wood was fust fixed on the wall, and tho 
wires were cloated to this; now this was a very great improvement, 
since both dry weed and air aro excelb nt insulators, but tho rough 
•appearance of the work and the liability of tho exposed wires to damage 
caused it to bo generally abandoned. For temporary work, however, it 
is proh.ably about the cheapest and best system. A modification of it, 
wliich is still extensively used in the United States, is oven better 
electrically and not nearly so unsightly. In this system double cletits of 
jiorcelain aie used, one sot of which aro fastened to tho walls at inter¬ 
vals to keep tho wires spaced tiway from it, while the s(!Cond sot aro 
screwed on above and hold tho wires in place. AVhere this system is 
adopted—and I consider it has many points to recommend it hero—the 
two wires should bo kept always at least 2 inches apart, and more for 
main conductors or high pressures. 

Another somewhat simihar system is the use of porcelain insula!ors, 
and the remarks about spacing genoraliy apply to this system also. 
Hut for temporary work, liable to bo dismantled at any time and 
under proper control, there is no harm in running two high-class 
vulcanised wires on one lino of Insulators, since the insulation on the 
wires themselves will keep them safe for a considerable time oven when 
exposed to tlfis climate. 

Generally speaking nearly all wires in houses are at present placed 
in w'ood casing—a system naturally evolved from that of denting. 
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Ilpre tlic wooden backing bas two grooves in it for the wii-es, with a 
fillet in between, and capping is fixed continuously over it so that the 
wires are entirely enclosed. As a rule no wood but teak is admissible 
here in India, since the omniverous white-ant soon devours all others. 
The proportions of a well-designed casing are shown in Figure 41, 



Fig. 41. 

the actual size being of cotirso regulated by that of the wires For 
carrying two single small wires, say two No. 18 8, W.G., the grooves 
must be about in. wide and deep. 'J'he central fillet should be never 
less than ^ in. wide and the thickness of the casing should leave 4 in. of 
wood under the wires. Outside the grooves there should be sufficient 
width to take the fixing screws without any risk of their ponctrating the 
wires except through gross carelessness. The capping need only be quite 
thin, say in., and is generally neatly moulded for apjiearance sake. 
It is a very general practice to fix the capping on by screws to the central 
fillet of the casing; this is ordinarily harmless enough, but it is far 
better, especially for 220 volt work, to uso the outside. Where trouble 
occurs in casing, it generally originates with a carelessly fixed coutral 
screw, which penetrates one wire and partially bridges the fillet across 
to the other. A good firm will generally uso brass screws where it is 
specially damp as iron ones are liable to rust up. I always specify 
that casing and capjiiug shall be varnished imide and out before 
erection, as this is a great protection from damp; either copal varn¬ 
ish or shellac is suitable, but in cither case it should dry thoroughly 
before erection. If tho work is to be painted afterwards it is advisable 
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Id leave the outside unvarnished and to give it a preliminary coat of 
paint instead. Cracks and openings behind the casing or between 
easing and capping should be carefully puttied before painting, or the 
work will look rough. 
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'When the wires 'nre being put into the easing, muoh damage is at 
times done from injudioionsly hammering them. If ordinary preasuro 
from a piece of wood is not sufiioieut the grooves are too small, and 
the casing should not be accepted. Damage also frequently, occurs 
where the casing takes a sharp turn, for the angles of the wood pierce 
the insulation and give access to moisture; all sharp projecting pieces 
should therefore be rounded off as shown iu Figure 42. 

ISuccoBsive lengths of casing should not simply be butted against 
one another. It is best to out away tlie fillet and side pieces of c ue 
length and the base of the succeeding one, and thus to make them 
overlap. Furthermore, tho lengths of copping should always break 
• joint with the easing 

It often happens that one set of wires have to cross over another 
sot in which case a bridge of casing should be, carried over. If 
a branch circuit is taken off by joints the outer wire will have to 
croiS over tho iuiier one of opposite polarity, and here again a bridge 
of casing should be used. On no account should wires of opposite 
polarity lie in tho same groove or touch oue another in crossing, other" 
wise the whole idea of a separating fillet is rendered futile. 

Pattramt. —Switches, cut-outs and other fixtures are always mounted 
on wooden blocks, partly to further insulate them from damp walls 
and partly to raise them above the level of the caving for appearanoe 
sake. The blocks should hove a groove cut behind them, so that they 
fit neatly over tho casing, which should not terminate outside tho 
block; in fact ciising should invariably be so run that there are no places 
where the wire is exposed in any way. 

Aecembditii of cam'jig .—On the other hand the easing itself should, 
as far os possible, bo easily accessible. It is the gravtst mistake to 
run it in such a way that the floor or ceiling has to be pulled to pieoes 
in order to trace a fault in the wires. It sometime,s happens that a 
room will be seriously disfigured by even the most handsome casing, 
though if neatly moulded and well ]>aiutod it is generally quite im- 
objoctionahle ; ru such cases theio is no ojition but to run it hidden 
away. But in order to facilitate inspection, should it prove necessary, 
the floor boards above the wires elrould he hutted and fixed with 
brass screws, in order to avoid the extra work and expense of opening 
up tongued and grooved boards, or extracting rusted iron screws. 
In order to effect partial concealment some engineers sink the casing 
in the plaster flush with tho wall. This enables the moisture, of the 
fresh plaster to play havoc with the wires, exposes them to the risk 
of having picture nails hammered into them, and is a practice to be 
in every way discouraged. Where wires’must pass through walls or 
under plMter the best way is to run both together in a porcelain, or 
failing that a compo, pipe which should be sufficiently large for the 
wires to bo easily drawn through it after the well has been made good; 
Where necessary a wooden box with an inspection lid can be made to 
cover the junction. If wires have to be run across a floor of oonorete, 
out a groove to hold a considerably larger size of casing than is reqairel 
for the wires, and fill in the space round each wire with Stockholm tar 
or bitumen, or, as an alternative, run them in a pipe of ample size. The 
making good of the concrete will then do no harm, * 
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Eecently there has been on outcry in England for a better system 
of running wiree than that of worn casing, and muob disoussion has 
arisen as to what can take its place. While I belieTe that the majority 
of us are still in favour of carefully esecuted work in wood casing, 
there is a powerful minority advocating a variety of other systems. I 
will enumerate the chief of these, and comment on them briefly. 

Lead-covered eahk .—Not infrequently lead-oovered cables' are 
buried direct in walls and plaster; in India, however, it is inadvisable 
to do this, as the lead is attacked by certain salts in the plaster and * 
speedily destroyed, especially if a slight leak develops and allows 
electrolysb to take place. The resalt is that the cables inside become 
exposed and soon perish. An installation on this system in Calcutta . 
is now likely to need re-wiring almost entirely from this cause, after 
only a few years’ working. 

Other engineers recommend twin lead-covered cable fastened 
direct on walls. I do not think the system is good electrically for 
India, and in houses its appearance would certainly condemn it off¬ 
hand. 

Oat-pipe syetem .—On the other hand, what are known as tube 
systems have a great deal to recommend them. Originally some one 
tried running a service of ordinary compo gas-pipes in the walls in 
the usual way, but arranged with electric light wires inside. The 
great disadvant^e of this is the liability to damage through nails, 
though that liability exists, and is perhaps mote dangerous, with gas. 
The use of iron pipe in place of compo is a great advance, but wire is apt 
to be damaged in drawing the pipe over it This was later on obviat¬ 
ed to some extent by running all the pipes in the walls first of all, 
keeping them as straight as possible, and then drawing the wires 
through by a pitot string afterwards. This greatly reduces the amount 
of handling the wire receives and therefore the labour, but the insula¬ 
tion is apt to be stripped by inequalities and burrs in the pipe, 
especially wheie a piece has been carelessly cut. It is difficult to draw 
in very great lengths of wire without unduly straining it, and therefore 
traps were introduced at intervals to act as drawing-in points. There 
are many advocates for this method of wiring, but of late two new 
and rival systems have been developed which are a farther advance on 
it. 

Simplex conduit .—The first of these is known as the Simplex conduit 
system. In this the pipes used are thickly enamelled inside and out 
with a material that gives a beautifully smooth surface. In order to 
ensure the absence of burrs the pipes are not solid drawn, but simply 
lapped over, the enamel on the outside apparently closing the break. 
The lengths of pipe are made so that one end tapers just enough for 
it to fit into the next, and therefore the running of such a system of 
pipes is simplicity ittelf. Special junction boxes, fittings for tee-joints 
and so forth, are made in the same material. The advantages of this 
system aie fairly low prime cost—a very important factor when house- 
wiring is so expensive as at present—fair security for the wires against 
damage from nails, and ease and safety in drawing them in. The chief 
disadvantage appears to me to be the fact that the tube is not waterproof 
either along us length or at the joints. Consequently it may be to 
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some extent compared to Iead>oovered cable vhen the lead has jpembed, 
if it were not for the foot that new wires can easily be drawn in at any 
time when necessary. 

Lmlated conduit.—In the second new system iron or steel pipes 
are coated internally with a thick lining of an insulating oomposltioa., 
The material is, I believe, a patent, but it looks somewhat like a very 
hard variant of bitumen. It gives a smooth internal surface which 
would not hru't the insulation, and is claimed to be a high quality 
insulator itself, so that cheaper insulation may be used on the wires 
themselves. The pipes in this system are screwed together in the usual 
way and make a perfectly water-tight system, while the internal surface 
is not liable to sweat. Altogether the system seems an excellent one, 
but it has the grave disadvantage of high prime cost. 

I have samples of the two species of tubes here, but they have come 
into use so recently that I cannot claim any practical experience with 
either. Each appears to have certain fields for useful rivalry with, 
wood-casing and both are being very extensively used in England. 



LECTURE III. 

House wirikq. ■, 

riio-i>A'y I gliall JeiU with different fixtures for carrying incandescent 
lamps, their arrangement and the manner of wiring them, with the 
different methods of designing the scheme of wiring an installation, and 
with the practical methods of erecting and testing the same. 

Illuminatton .—The area which a single 16-0.-P. lamp will effectively 
light is generally taken as about 100 square feet when it is placed 7 feet 
above the floor. Naturally a groat deal depends on the colour of the 
walls and coiling of the room and on the strength of illumination 
desirable; a room with a number of people spread over it, doing work 
requiring a strong light at every point, would need more lamps than the 
above approximation, whereas for a bedroom considerably less is suffi¬ 
cient. And in most cases it is not necessary to light every comer of a 
room strongly, especially when one remembers that most people are 
accustomed to arrange their positions to suit the existing lights. But the 
greater flexibility of electric lighting is getting rid of this habit, and a 
far better general illumination is now expected than is obtainable from 
average oil lighting. Then, again, a great deal depends on the way in 
which the larnp is shaded. Where light and not appearance is the 
first considemtion, a plain conical shade of opal glass or enamelle<l iron 
throws the light down and around best of all. Most ornamental shades 
absorb a large percentage of the light, especially when they fit com¬ 
pletely over the lamp, and silk shades are in this respect the worst 
offenders, though they give the most pleasing lighting effects. 

Booms are sometimes lit by means of rows f)f hidden lamps which 
throw their light on to the ceiling from whence it is distributed; this 
method of lighting is naturally wasteful of power, but it gives a diffused 
effect entirely without shadows, and is about the best substitute for day¬ 
light. 

Mtlings .—Fittings for carrying electric lamps may in general be 
divided into three classes—brackets or wall fixtures, pendants or ceiling 
fixtures, and portable fittings. Brass and wrought-iron are the metals 
generally employed in the manufacture, the former being lacquered 
bronzed, or plated with silver or gold, and ornamented in some cases 
with copper-work, the latter usually painted a dead black. 

When a circuit is run to serve a bracket, one wire is taken to a con¬ 
venient point for the switch, generally just underneath the fitting, and 
here a small loop is left which can later on be out and connected to the 
switch terminals, and two ends of sufficient length to run down the 
bracket are left projecting from the wood block; these wires are then 
threaded dovm the tube and fixed in the lamp-holder terminals. One 
precaution should he observed and is apt to be overlooked: the outside 
tape or braiding of the Insulation should in all oases be removed for an 
inch or two before the wires are connected up. This tape is merely a 
mechanical protection, and i's liable to cause leakage if feft in contact 
with the parts oanying current. Often brackets for two or three 
lamps are used, and the usual practice in this case is to run a pair 
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of wires down eauh am and then joint: them on to the oonduotors at 
the base of the braoket. This moans four or six separate joints, in n 
position where it is by no means easy to vuloaniso them, and each 
a source of weakness to some extent, especially in a hot damp climate. 
Where manufacturers realize this and make the tubes and terminals a 
trifle larger, there is no necessity for any joint at all. I give you tl 
diagram of the wiring of a 3-light bracket as it should be done, i.e., 
by what is called the ‘looping back’ method. The conductors are 
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carried up to one lamp-holder, and from the same terminals two other 
conductors are carried back down the tube to the base and then on to 
the next lamp-holder, and so forth. The advantages of this method arc 
obvious, but as a rule, unfortunately, only two wires will go into the 
tubes and only one strand into the lamp-holder ter.ninals. I am 
assuming the u.se of No. 18 S.W.G. wire, which is the smallest generally 
allowed, and which is almost always used for Lamp leads. 

Turning now to pendant fittings, the simplest is known always as 
the “ plain pendant.” From a coiling rose hangs a length of twin 
flexible cord to the cord grip of a pendant lamp-holder, and the lamp 
and shade complete the fitting. The switch will be elsewhere, on a con¬ 
venient wall, and generally near the door by which the user enters for 
choice. Here there are no complications, for the ceiling rose obviates 
any joint betw'eeu the flexible and the encased conductors. Sometimes 
in place of a single lamp-holder there is a .'5-light arrangement, general¬ 
ly a hollow ball with three lamp-holders projecting from it. Here 
‘ looping back ’ can generally bo resorted to so as to avoid joints. Metal 
fixtures to hang from ceilings are known as ceiling lights or electroliers, 
according to whether they bang high up or low down. For a few lights 
only these are generally wired like brackets, but where the number of 
lights is great the case becomes more complicated. It is then usual for 
the .fittings to be wired completely by the makers, leSving only the con¬ 
nection to the conductors to be made. In many cases it is dearable 
to have the lamps controlled in two groups by separate switches, in 
which cMe alternate lamps or tiers are connected to two separate circuits. 

Not infrequently it is necessary to adapt gas- or candle-fixtures for 
use with electric light, and various devices then have to be resorted to. 
In the first place, if gas fittings arc used all connection with the gas 
must be entirely cut off and the fitting must be properly insulated at 
the point of support. If the tubes will then carry the wires all is 
straight forward, but generally this is not the case. For instance, the 
candle chandeliers at Government House, Calcutta, are now converted 
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Into electroliers carrying miniature eleotrio lamps in artificial candles. 
Thn first thing to be done was to get the wires from the top of the 
fitting to the bottom; ather therefore the old solid rods had to be re¬ 
placed by hollow ones or else the wires had to be oarrii-d externally, the 
former alternative being finally adopted. But the glass arms leading 
to the lamps were solid, and to replace them would have been almost 
equivalent to buying new chandeliers. It was decided consequently to 
obtain flat twin flexible cord, made up of 2 cords side by side and 
covered over with silk; this was run along the top of the arms and 
clipped on by little silver-plated clips, these cords being jointed on to 
the conductors bringing the current down from the ceiling. 

Portable fittings include tall floor standards, table standards and 
hand-lamps of various sorts. In nearly all cases portable fittings are fed 
by a flexible cord ending up in a plug which can be fitted into a wall 
socket wherever it is required. Sometimes there is a switch on the fit¬ 
ting to save the trouble of opening up the plug, but such switches are 
generally of inferior construction and should be avoided. Occasionally 
instead of a wall plug there is an ‘ adapter' on the end of the flexible 
cord, constructed like n lamp end and such that it can be pushed into 
any conveniently empty lamp-holder when a light is required. 

Main home~hoard.—Lxk us now turn to an installation of lamps in a 
house and see how it can bo carried out and how it ehculd be. AVo 
will take it for granted that the supply is to bo delivered to the house 
either from a public supply company or from a private plant, and will 
start from where the wires entered the premises. The wires may be 
brought in either underground or overhead. If the latter is the case a 
lightning arrester should always be fixed to protect the house, and typos 
of these pieces of apparatus will bo described later on.* Arriving 
indoors, each wire goes to a main out-out of suitable size for tho maxi¬ 
mum current. If this is above about twenty amperes, a strip of sheet 
tin will bo generally employed for tho fuse in place of wire. A 
main switch should also bo fixed in oxch polo; this may appear un¬ 
necessary, since one such switch puls out every light, but it must 
not be overlooked that so long as one pole remains connected it is 
possible for leakage and its attendant tioubles to occur. Main switches 
for fairly large currents are generally connected by a link of vulcanite, 
so that they switch on and oif simultaneously, and the main switches 
and fuses are usually mounted on a slate or marble base contained in a 
look-up box. A dry locality should of course be chosen for the main 
controlling apparatus. Near the main switchboard will bo fixed tho 
meter which detmpinos the number of units used—at least if the 
supply is from a j^blic company—and I shall devote a little time to 
meters and their testing presently. It will suffioo here to say that it 
is customary when doing the wiring to leave a loop of about four feet 
of wire on one polo, in a convenient place where the meter can later on 
bo erected and connected up. Occasionally a voltmeter also is fixed near 
tho main switch-board to check the pressure of the supply, especially in 
large installations. This will of course be connected across tho poles, 
and not in the same way as the meter. From tho switch-board there 
are two distinct systems of arranging the wires so as to serve lights 
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where they are wanted, the ‘ Tree ’ and * Distribution ’ systems, besides 
combinations of the two. 

Tree system of wiring.—TbiO tree system ’jvas the one natiwally erolved 
when first the inoandesoent lamp come into use and made parallel burn¬ 
ing a possibility. It is now seldom employed, and is dying a natural 
death, so I will only devote a moment to it. On this system two 
conductors, large enough to carry all the current of (say) one floor of a 
house, are taken from the main switch-board through the nearest rooms 
in turn, and wherever a lamp is required a double Tee joint is tapped 
off. Or, again, a smaller pair of sub-mains may be tapped off to swvo 
some side rooms, and the lamp cironits will bo tapped off these. 
Evidently, after passing through a few rooms, the current to be carried 
by the main beyond will be considerably less; the main wires are then 
cut, and two more of suitably smaller section are joined on to them, 
these in tom being carried on further in the same way. Several similar 
reductions of_ section are sometimes made. The system is clumsy 
and full of joints, and the cut-outs have to be put in all manner of im¬ 
possible places, so it is very seldom advisable to use it, though it is safe 
provided proper precautions are taken. Thus, wherever the cross-section 
of the main wires is reduced, and wherever a branch of smaller section 
than the main is tapped off, there should be cut-outs on both poles, and 
the fuses in these should be calculated to protect the wires up to the 
next fuse or to the end of the circuit if there is no other. The fuses 
at a Tee joint, where a lamp or lamps are to be run, should be small 
enough to protect the flexible wires (if any) unless there are farther 
tappings for other lamps beyond which have their own fuses. In the 
final lamp circuits it was generally the custom to put a fuse on one pole 
only of the lamp lead, and to fuse the other pole in the ceiling rose or 
wall plug, but it is generally preferable to bridge the fuse terminals of 
these fittings with a piece of thick copper wire and fuse the circuit 
projwly at its junction. You will notice that I have so far said 
nothing as to the size of wire to be used for given conditions. I have 
not done this for the tree system, as I do not suppose you will ever 
use it, but when you know how to make calculations for the distribu¬ 
tion system you will have no difficulty in doing the same for this, should 
occasion arise. 

Listrihutton system .—The modern system of house wiring is to 
work from distributing centres, and not from the main switch-board. 
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One or more positkms are chosen centrally in each floor or Wook of th< 
building (according to its size and shape) around which rooms m 
grouped fairly uniformly. Let us assume a case where it is convenieui 
to have four such distributing points, A, B, G, D, as follows:_ 


Erancli difltributing point. 

T>i8lanoB 
from main 
board. 

j(fum1>er of 

liov* lamps. 

Current at 

4 whUr 
a (taiidle. 

A. 

Feet. 

GO 

so 

17-4 

h . 

100 

1.5 

8-7 

c. 

IKU 

20 

11'6 

.1) ... 

250 

40 

2i\2 

Total 


105 

GO-i) 


Let us further assume that the lamps consume 4 watts per candle- 
power (he., C4 watts for a IC-c.-p. lamp), and that the supply is at 110 
volts. The cuirent taken by a 16-c.-p. lamp will therefore bo lYo, 
or 58 ampere, and I have worked out the current in each circuit on this 
basis, the aggregate being 60-9 amperes. In calculating the size of the 
OTanch main cables and the branches several considerations come in, 
The insulation will be softened and damaged if its temperature is 
allowed to rise unduly high, and 130°Fahr. is the general limit allowed. 
The wires should therefore be large enough in this country lo reduce 
electrical heating almost to the vanishing point. The ordinary rule- 
of-thumb is to allow a ‘current density’ of 1,000 amperes per S(juare 
inch cross-soctional area of copper, though this is often too great 
an allowance, for reasons to bo presently explained. You will see, 
however, that on this basis a No. 18 wire, having au area of -0018 
square inches, may be allowed to carry 1-8 amperes; a cableof 10 strands 
of the same wire, having an area of ‘0358 square inches, will carry 3G 
amperes. It_ avoidance of heating were the only consideration—and 
sometimes this is so—then small wires might safely be allowed a higher 
current density than the above, for they have proportionately more sur- 
Ifooe to radiate the heat away. In fact, the Institution of Electrical 
Engineers allows a No. 18 wire to be loaded up to 3’1 amperes even in a 
situation where the external temperature is over 100° Pahr., and about 
50 °/„ higher still in a cold place, their formula for all sizes of cable being 
Current=2 whore A is the area in LOOOths of a square inch 
and the insulation is.of prescribed radial thickness, i.e., 30 mils-t--,Jjth 
the diameter of the conductor. 

But since the resistance of a given sized conductor is a fixed 
quantity, the volts lost in it will rise as the current increases; this 
is a new factor altogether, and often greatly modifies one’s calcula¬ 
tions. When a eurieut giving a current denaty of 1,000 is passing 
through a conductor, there is a drop in pressure of about 2\ yolts 
per 100 yards length. If therefore all the wires are oalculated 
on this basis, and the conductors running to and from the most 
distant lamp aggregate 150 yards (as may often occur), the total 
drop at that lamp will bo 3j volts when all lam})s are alight. There¬ 
fore the lamp will only get about 106 volts in place of 110, and 
as the candlo-powor varies with 6th power of the E.M.P. you will 
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see that this mahes a good deal of diQerenoa. The allowahle drop of 
volts in indoor wires is generally fixed at 2 per cent, of the standard 
pressure, 2‘2 volts in our assumed pressure of 110. 

Retoning now to our installation, for each of the four branch 
circuits a branch main must be run up to the distributing point, and no 
lamps at all should be taken ofi from it even though a light should be 
required close to where it runs. Nor should there be any joints what¬ 
ever in these wires, unless it happens that the length is greater than 
that of a coil of wire,* which is unusual. Now these four sets of branch 
mains should each bo independently controlled at the main switch-boMd, 
so that any one circuit may be absolutelj' disconnected from the rest 
when desirable. To effect this each has a cut-out and a switch on each 
pole, and main cut-outs and switches for tho whole nggp-egate current 
need not therefore be used; the board becomes then a ‘ main distributing 
board’ in place of a main switoh-boaiil The outside mains are brought 
to two ‘ bus bars ’ of copper on the back of the slate, and from terminals 
I on these bars cables are taken to tho various circuits on the front. (If. 

I however, the supply is obtained from a public company, they must never- 
; tireless put in main cut-outs on both poles for the protection of their 
system and of other consumers, and such cut-outs will be sealed by 
them and under their sole control.) 

Branch main A carries 171 amperes and has a run, lead and return 
together, of 120 feet of cable. In this short length the drop in volts 
at 1,000 C. I), (cun-ont density) will bo just 1 volt, which allows a 
more’ than ample margin for loss in the lamp loads, eto., so we may 
take this figure. The area of our conductor should therefore be about 
•0175 square inoh, the nearest standard sizes being 7/17 and 19/20, of 
which the latter is generally kept in stock by coutractora. 

Branch main B carries 8-7 amperes and has a total run of 200 feet. 
At 1,000 C. D. tho drop will be I'? volts, which is rather above the 
limit of our allowable loss. However, the nearest convenient size of 
wire to use is 7/18, which allows a good margin and causes a drop of 
only 11 volts, the next smaller size, 7/19, being seldom available. 

Branch main 0 c,arrios 11‘6 amperes and has a total rim of 
3G0 feet, so evidenlly 1,000 O.D. will give us much too great a drop, i.e., 
3 volts. Wo will take I G volts as the allowable drop, in which case 
ii*a' ^.7 Ohm’s law the required resistance of 360 feet 

of the necessary conductors. Now, 1 yard of copper 1 square inoh 
in area has a resistance of '0000215 ohms. Therefore by proportion 
the area of copper that has a rosistanoe of "ISS ohm is 
= 0213 square inoh. Looking up the wire lists it is found that 19/20 is 
rather too small, and that it will be better to use 7/16, giving a drop 
, of only 1'5 volts. Note that on ordinary occasions this wire will carry 
23 amperes, but we use it to keep the pressure from falling too low. 

Branch main D carries 23 2 amperes and has a total run of 
500 feet. Assuming as before 1'6 volts drop the required resistance 
will be or '069 ohm. For this resistance a length of 600 feet 
must have an area of '0585 square inoh, calculated as in the last 


’ The oHinniy longUi oE a coil is 110 ystrtlw. 
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instance. This comes in between 19/17 and 19/16, so the latter would 
generally be chosen, giving a drop of about 1*2 volts. 

This brings us to theoonsideration of the ‘brandh distributing boards ’ 
for the four circuits, which will all be of the same general pattern, 
differing only in their siae. The branch mains will be brought to two 
bus bars on a slate panel, fust as in the case of the main distributing 
board, and terminals will be fired tdong these bars to take off the lamp 
circuits. The number of lamp circuits will naturally depend upon the 
distribution and number of the lamps; each group will be protected by 
cut-outs on both poles at the branch distributing board, and in some 
cases it is convenient to have the switches mounted on the same slate 
iJro, though generally they are preferably placed near the lamps they 
control. 

The best form of broni^ distribution board is that in which the 
fuses are mounted on porcelain bridges, which can be fitted in or 
removed in a moment. As at present made, however, the bridges are 
not sufSoiently arobed for 220 volt work, so that the blowing of a 
fuse may rupture the porcelain. Indeed I have had a case where the 
two adjacent bridges were also broken, but in this instance the fuse 
melted owing to a short rircuit in the loading-in wires of a chandelier. 

Let us take the branch circuit B, and trace out the fitting up of 
its 15 lamps. I have endeavoured to save confusion in the following 
diBgram (Fig. 45) by the avoidance of linos crossing ono another as far 
as possible, but it is concluded in each cose that the two wires of a oirouit 
are run in casing or tubing and cross where necessary in the manner 1 
have already esplaiued to you. 

We will Msume our 15 lamps to be taken off the branch distributing 
board from five sets of cut-outs, which I have numbered 1 to 5:— 

No. 1 has a single bracket. 

„ 2 has two pendants. 

„ 3 has a 7-light electrolier. 

„ 4 has two w'nll sockets for portable lamps. 

„ 6 has a 3-ligbt pendant. 

You will remomhor that a smaller conductor than ono No. 18 is 
only allowable under special circnmstances, and in actual practice this 
wire is used for the groat majority of lamp circuits. 

No. 1 branch is entirely simple; two No. 18 wires are taken from 
the fuse terminals, one of them is led down the wall to a convenient 
spot for the switch, and then up again in the other groove to rejoin its 
companion, and the two run up the tube of the bracket to the lamp¬ 
holder. The casing has of coarse been previously run, and all 
preoautions with regard to it have been attended to. The wire has only 
•6 of an ampere passing through it, so even if there were 100 yards of it, 
the drop in volts would be only '8, which, added to the drop in the 
branch mmn, 1‘1, would give a total drop of 1‘9 volts at the lamp. 
Unless the distances of the lamps from the distributing centre are very 
excessive, the 1,000 O.D. rule may be safely followed for lamp circuits, 
and I am doing this in the succeeding oases. 

No. 2 is oapablo of being done in several ways. In the diagram 
(Fig. 45) I have shown by far the best method, and it is really the least 
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trouble too in the end. It will be seen that there are no joints, the ternji- 
nals of the fittings taking their place, and yet the two lamps are quite 
independent of one another, should either fail. The lamp leads are taken 
one to the first oeiling rose and the other to a switch terminal, from 
which points the two lamp circuits hare their own separate wires, 
and since the two wires entering the first switch terminal are of the 
same polarity, the^ can bo run in the same groove of the casing—suitably 
enlarged. There is little harm in such “ bunching” oven of several 
wires of the same polarity, but wires of different polarity mast 
never be bunched or even allowed to touch in oasiag; this is only 
allowable in fire-proof tubes. If it is thought necessary to have a cut¬ 
out on each individual lamp, one can be placed between the switch and 
the lamp (as shewn) without affecting the other lamp, though this is 
not generally necessary. Three or four lamps can bo equally easily 
wired in this same way. One pitfall, however, must be looked out for, 
namely, that if the looping back wire at the first or any switch is put in 
the wrong terminal of the switch, then the furthest lamp will ouly light 
when the nearer one is also on. We need not work out the fall of 
potential in these lamp leads, since the current of two lamps still leaves 
the 1/18 under its carryingcapaoity at 1,000 C.D., and the length of 
wire is not likely to be sufficient to cause a heavy drop. 

The other way of doing No. 2 lamp circuit is to run two wires to 
the fui'thest lamp and tap off the near one with joints (Fig. 40). 
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It is the fact of having joints that makes this method inferior to the 
other. Trovided the wires are all of the same size and the fuse in the 
distributing board is smali enough to protect ihe flexible wire of the 
pendant, there is no necessity to put any fuse wires in the ceiling roses 
or at the joints. A good many electricians seem to think it necessary to 
pilohfotk a cut-out into every possible corner, forgetting that there is 
as much danger in the multiplicity of fuses—which may fail —as in their 
scarcity. As an example of the possible danger of cut-outs, even 
when not in excess, 1 recollect coming across a box of branch cut-outs 
ai. in a rather inaccossible corner of a house, each bridged across with 
» copper wire thicker than the conductor. I ascertained that the fuses 
(Pig. bad blown several times, and that the owner had consequently taken 
nm all out and put in these bridges to save annoyance. Here cut- 
gave a false security indeed, and might have caused a fire. 
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Taking No. 3 cirouit (Fig. 45) we find that it has a 7-light electrolier 
on it, the current being therefore just over 4 amperes. A 7/22 cable has 
an area of ‘0043 square inches, and will therefore be the size to use for any 
reasonable distance. If the electrolier is more than about 65 feet away, 
a larger size—7/21J or 7/21—will be necessary. Forour total allowable 
drop is 2-2 volts, of which the branch main accounts for M, and you will 
find that 130 feet run of 7/22 with 4 amperes about takes up the remaining 
I'l volts. For wiring this electrolier there will probably be no choice 
of method; each of the seven branches must be brought to the centre and 
jointed on to the conductors. The branches will of course be of smaller 
wire, special No. 20 being allowable for this purpose only; it is generally 
known as‘chandelier wire’ and made of as small over-all dimensions 
as possible. 

Circuit No 4 serves two wall sockets, from which portable lamps will 
take their supply. This is a very simple arrongeraont, the wires being 
taken to the first socket, whose terminals then act as the start of a 
new circuit for tlic next, and so on if more than two are required. 

Circuit No. 6 serves a 3-liglit pendant, which wnll be hung from a 
ceilingrose. The two No. 18 wires will run to the terminals of this, one 
being diverted to the switch and back. No fuse need bo used in the 
ceiling rose, since both poles are prolected at the distributing board. 
The flexible will run to one lamp-holder; from its terminals a short 
length will loop back to the second holder, and this again will serve 
the third holder, thus avoiding all joints. 

Omeral noUs on home-wiring .—This completes the survey of our 
hypothetical installations, and 1 will now add a few notes and hints 
on house-lighting work in general. In deciding what lights to put into 
a room, yon must bear in mind the use to which it is put and the 
convenience of those who use it. Thus, as a rule, one light at least 
should be controlled from near the door by which the user will 
enter, or in some cases outside it, and switches should on no account be 
hidden away where they are difficult to find. 

It may be desirable to be able to switch a lamp on or off from two 
separate places, as, for instance, to bo able to light a staircase lamp 
downstairs and switch it off upstairs. This can be done by means of 
an o.xtra wire and a form of 2-WBy switch ns shown in the Figure 47. If 
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the light is. oS, either switch will put it on and vice vcfcd. Casing 
witii three grooves can of course be made to take the three wires where 
they run together. 

To light lamps on a dining-room table, without having wires 
stretohih'g across to it, a wall socket must be sunk flush in the table, the 
wires being taken up a leg or up o pipe in the centre. To insert the 
plug from the top means cutting small holes in the cloth, which is 
somewhat objectionable, and special plugs with fine needle points are 
now made for the purpose. 

In the wiring of Government House, Calcutta, it was essential to 
provide for the considerable extensions inseparable from a large instal¬ 
lation, in the shape of extra lamps or wall sockets, and in fact many 
such additions have already been made. Only 500 eurrent density was 
allowed in the mains and sub-mains and 1,000 in the lamp leads; the 
distribution was carried out almost entirely with No. 1/18 S.W.G., 
BO the latter figure left a large margin on the omrent allowable 
imder the I.E.B. rules, whi^ can now bo drawn upon safely. 
Prom any given branch cut-out not more than 6 lamps (220''’) of 16-0.-P. 
(presumed throughout) were run in tlie first instance on a 1/18. 
To avoid all joints ‘ connectors ’ were used, i.e,, bow eut-outs employed 
merely as terminals for tapping off lamp leads, with a thick wire 
in place of a fuse. The ido.i has proved most fertile, for when an extra 
lamp has to bo put up it is only necessary to take off two wires from 
tho nearest pair of connectors; and, provided a'proper record is kept of 
every brancli circuit and the additions made to it, there is no fear of 
overloading any conductor or of losing too many volts. It appears to 
mo that manufacturers might with advantage put on tho market a 
connector for this class of work; it could bo made quite small and 
inconspicuous, and consist merely of two terminals mounted on a strip 
of metal and enclosed in porcelain. 

In running wires it is best to keep to a uniform system for the leads 
end returns (or-band — wires). The usual rule is to nin Leads to the 
Loft when vortical, and Lowest down when horizontal, Returns Raised 
and to tho Right. 

In settling the height of a lamp recollect that tho quantity of light 
received on a given surface varies iiivoisoly as the square of its distance 
from the source, and that it is not therefore wise to fiut the lamps 
higher than necessary. Muuro and Jamieson give the following useful 
rule:— 

“ Pot very good class-room lighting each IS-O.-P. lamp 7 feet, above floor 
level allow 60 square feot; tor sitting-roums 80 square feet; bed rooms 100 to 
160 rquare feet; corridors 200 square feet.” 

Many little ooulrivances have to be devised on the spur of the moment 
in actual work. Thus, wires have to be taken along a ceiling divided 
up by carved beams, where there appears no room for casing, but 
perhaps by splitting the casing into two parts and running the halves 
symmetrically on either side they will not bo noticeable. Much may 
also be done by neat painting. Or, again, casing has to be run along 
iron beams, and special clips must be devised to hold it on. 

Emmimticn and tnting of Having seen how to put up 

an installation, let us now prooeeed to put ourselves into the position 
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of critics and consider how to examine and test it before passing it. 
Consoientiona contractors test their own work as they go along and 
allow no W point to pass, but all contractors are, unfortunately, not 
conscientious. 

The simplest and most necessary tests are those for ‘continmty’ 
and ‘short circuits,’ for seeing that there is a complete circuit from 
each pair of fuses through its lamp, and that there is no complete 
circuit through any other route. It may easily happen that the 
wiremon gets into a confusion with his wires and couples some wrongly, 
so that in one case a lamp is not coupled in at all, or in another the 
wires are coupled across without any lamp. The latter case constitutes 
a short circuit, and if coupled to a ‘live’ circuit produces fireworks, 
probably burning the fingers of the operator, and a course of experi¬ 
ments in coupling up, with the inevitable short circuits interspersed, 
is an excellent training in carefulness. The instruments usually used 
for making these simple tests are either a ‘detector’or a ‘magneto 
hell.’ The former consists of a little galvanometer coupled in series 
with a portable battery, so that when the ends of an otherwise closed 
oircuit are connected to its terminals the current flows and deflects the 
needle. Tho latter consisis of a trembling bell and a small permanent 
magnet magneto-machine in series, so that if the machine is revolved 
the bell will ring through any closed circuit that may bo connected 
across its terminals. With either of these instruments it is a simple 
enough matter to identify the two ends of ouo circuit amongst a number 
of wires mixed up, often a necessary operation. 

Finding continuity all right and no short circuits, the next thing 
is to examine the work and see that it has been properly done. There 
are a number of different sots of rules to go by, so many, in fact, that 
any one armed with three or four of the chief ones and no practical 
knowledge would find himself in a quagmiro of apparent contradictions. 
lUg installations are usually erected to a Consulting Engineer’s speoifi- 
cations, hut tho ordinary practice is to specify such and such rules to 
be followed. If the power is to come from a supply Company, that 
Company will have its own sot of rules and expect them to be kept; if 
the building is insured, the Insurance Company will expect their rules to 
be observed, many Companies having their own code; while oontrao- 
tors in general prefer to follow the recommendations of the “ Institu¬ 
tion of Electrical Engineors.” Uniformity is very badly needed, and 
at the present moment the Institution is revising its code of “ General 
Eules ” and endeavouring to formulate a sot that will suit everyone and 
be generally accefited. As these may not he issued for some time, I 
am adding in Appendix III (by special permission) tho rules recom¬ 
mended for India by the “Calcutta Fire Insurance Agent’s Association” 
wbieh were drawn up by myself to suit local oouditions. The chief 
—-«wi. ntH for ex artiinationyare the system of wiring, quality of material, 
“’■jts and whether they have been avoided as much as is 
.ible, position and fusing of out-outs, erection of casing 
j, method of running tlirough walls or in other hidden 
proper insulation of fittings by means of blocks. Wiremon, 
.lUman, are generally apt to scamp work—if at all—in places 
jre it is unlikely to be examined. Under a floor, where a fault or 
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short circuit would be a far more serious matter than on a wall, you 
may sometimes find casing with no ospi)ing, and large gaps between 
the pieces, or even no casing at all; joints in profusion and with 
no pretentions whatever to be either electrically or mechanically decent, 
much less perfect; and pieces of small badly insulated cable used 
to make up a shortage of a much bigger conductor. Do not imagine 
that these are things you will come across every day, but recolloot that 
they have been perpetrated, both in England and India, and assuredly 
will be again. 

Examine the connections at all switches and other fittings. A 
screw left slack means that the wire does not make proper contact; 
this introduces extra resistance, produces a drop in volts not allowed 
for, causes the terminals to get hot—possibly dangerously hot—and may 
sometimes make the lamp go out unexpectedly, owing to an intermit- 
tout making and breaking of the circuit. In lamp-holders see that the 
strands of the llcxihles all enter the terminal holes, for a tow straggling 
about may cause a lot of mischief through a short circuit inside the 
holder. 

Presuming everything passes examination, tho next thing is to 
test tlie insulation resi?tannn of tho cirouit. Two factors come in here, 
the insulation resistance between one wire and the other when every¬ 
thing is in place except the lamp, ne., between poles, and the insulation 
rosistunoo of tho whole circuit, including lamps, from earth. It 
good material has been used and the latter test i.s satisfactory, the 
lormer is not likely to bo bad. A number of diffen-nt instruments are 
sold for making these tests, tho best known and handieat being the 
Silvertown testing set, of which you will find a full description in 
the 12th edition of “Munro and Jamieson’s Pocket Book of Electrical 
llnles and Tables.” Tlie method is to compare the unknown resistance 
with a known ouo of 0,000 or 10,000 ohms. An important point is 
that the battery used for the tests should give at least as grout, and 
preferably a greater, pressure than that of tlie supply ; the Institution 
of Electrical Eiigiuoors specify doable the working pressure and, 
where possible, this should be used. 

To make the test between polos all lamps must first he taken out, 
all switches put on and fuses examined. Two wires are then taken 
from the main terminals to tho instrument, these being kept well apart 
and away from dump floors or walls. 

To make tho test to earth, tho lamps are put in and tho other fit¬ 
tings remain as before. A ‘ line’ wire is then taken from nitlur main 
terminal to the instrument, and another wire is taken from the instru¬ 
ment and connected to ‘ earth.’ Tho latter process generally means 
making tho counootion to a gas- or water-pipe, since these are generally 
in connection with earth, but it is equally good to put it in thoroughly 
moist earth or down a wot drain. If the tost is^ar higher than would 
be expected, it is well to change the earth, or else to connect one of the 
terminals under test through another wire to n different earth to see if 
there is a- dellection, for oven with tho best intentions you may 
happen to fix on to a dead end of disconnected gas-pipe. 1 once took 
a test that, appeared suspiciously good, my earth being n gas-meter 
kindly connected up for me by the consumer-an electrician. On 
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examio^iou I found he had disoonneoted the gas-pipes below and 
tuounied the meter on porcelain insulatore! 

Various authorities give various figures as to the insulation resist¬ 
ance an’installation should have, but provided the work is thoroughly, 
well done, it is not a point one oan be very exacting about. This is 
espeoially the case out here, where a test often totally alters in a day 
or two according to the weather. If an installation will not tost up, 
a few dry days will probably put it right in this respect; and no rules 
which I have seen specify what the humidity shomd be on the day of, 
test. If the material is good and the work has been carefully done some 
margin oan he allowed, but where the work appeals at all “ shoddy ” 
the full test should be exacted. The greater the number of fittings 
and the length of wire, and therefore generally the number of lamps, 
the lower the insulation must naturally be. The I.E.E. specifies the 
required insulation to earth as 10 megohms {i.e., 10,000,000 ohms) 
divided by the maximum number of amperes required for the lamps 
and other appliances, and suggests the repetition of the tost after 15 
days’ working. This may be taken as the best guide, though such a 
test is never likely to be obtained here during the rains, whereas a 
far higher result is not unusual in tho dry months. 

If it is necessary to test the installation for drop in volts, to see that 
this does not exceed 2 per cent, all lamps are switched on and the 
pressure is read with a volt-meter first at the main switch-board and 
then at the terminals of tho most distant lamp-holder, the lamp being 
removed. Several readings of each should bo taken successively to get 
an average value. , 

Coft of iniernal wiring. —Before leaving this installation let us 
look for a moment at the matter of cost and make rough estimates of 
fitting it np and of maintaining it. It is not necessary for me to 
go closely into details in this matter, but I will take rather the 
figures which are generally quoted by local firms for the best class of 
work. It is customary to divide up the estimate into two pwts—plain 
wiring and fittings. The former generally includes distributing hoards, 
casing, cables, switches, cut-outs, wall-plugs, ceiling roses, lamp-holders, 
lamps, plain shades, all fixed completely—in foot everything except 
fancy fittings, such as brackets, electroliers or table-lamps, which come 
under the latter head. Blain wiring will be quoted at so much a ‘ point ’ 
or ultimate circuit, whether there be one or more kmps at it. A 
2-light point costs naturally more than a 1-light point, but fax lees 
than two separate l-light points, since only one set of wires, switches, 
&o., are needed. The ruling price per 1-light point in O^outta varies 
from Es. 20-24 per point for work in houses, and for a higher numbM 
of lights per point the following prices are probably about what will 
be quoted:— 

Rfl« 

2- light point 

3 - „ » 

4- ,, „ 

5- „ 

h" i> n 

f" » *> 


. 81-35 
. 36-40 
. 40-46 
. 44-52 
.. 48-58 
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Assume that the 105 lamps are divided up as follows:— 




E.. 

Ks. 

1 7-light point (electrolier) 

at 49 ... 

= 49 

2 6- „ 

»> ( « ) 

„ 41 each 

= 82 

6 3- „ 

„ (3-light pendants) ... 

„ 32 „ 

= 192 

6 2- „ 

„ (pendants) 

27 „ 

= 162 

68 1- „ 

„ (pendants, brackets, 




table-lamps, &c.) ... 

» 21 „ 

= 1,218 


Total ... 1,703 


and we arrive at a figure of Its. 1,703 for the ploin wiring of the 
installation. 

Fittings cost anything the buyer chooses to pay, according to 
the quality and amount of ornamoatation, from Its. 2 for a plain 
1 -light bracket upwards. . Assuming that we requiro quite plain fixtures 
I have taken the prices from a catalogue for about tho least expensive 
of each class of fittings, with suitable shades:— 


1 7-light electrolier 

lls. lls. 

... at 90 ... = 90 

2 5- „ electroliers 

... „ 70 each = 140 

6 3- „ pendants ... 

... „ 6 „ = 36 

6 2- „ „ 

... ,. 4 ,. = 24 

68 1- „ brockets or pendants 

... ,, 2 average = 116 


Total ... 406 


The complete installation from tho main switchboard will then 
cost Es. 1,703 + Its. 406, or Us. 2,100. Now I do not doubt that 
films could be found who would willingly undertake the work for a 
good deal less, unless hound down by a very strict specification to do 
good work. My figures are fairly liberal no doubt, but there is a 
limit bolow which good werk cotdd not bo done, and yet leave a reason¬ 
able margin for profit, taking into account office expenses, supervision 
and so forth, as contractors must do. 

Lastly, let ns see roughly what the cuiTent will cost us. A fair 
assumption is that eveiy lamp will bo alight about two hours a dav, 
for some will hardly ever be used, and whde others will perhaps he 
on four hours or more. A IG-C.-l’. lamp takes 64 watts, therefore 106 
will take 6,720 watts, or 6,720 watt-hours per hour Therefore per 
day (assuming two hours’ use) they will consume 13,440 watt hours, 
or_13-4 Board of Trade units of 1,000 watt hours. In Calcutta the 
price is eight anuas a unit at present, so the cost would be Es. 6-11 
a day. In Darjeeling the price is four annas a unit, or bolf this 
figure. In private installations, having their own generating plant, it 
will vary from about six annas (exceptional) upwards. Of course we 
have assumed a fairly large installation, but it is quite as easy for 
you to work out the figures for one of five lamps; and in practice 
also 8-C -P. lamps will of course be used very eonsidorably, and they 
take but half the power of those assumed. 
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Hi^h Voltage supplg.—Uho Calcutta Kleotrio Supply Corporation 
sell current at an E.M.P. of 226 volts to consumers; if tnerefore 
our installation is there, certain modifications have to he made. The 
current in every case will be just about half what I have given 
above, and the cables can have half the cross-sectional area of copper, 
except that the lamp leads would not be smalb-r than No. 18 for 
ineohanioal reasons. Thus the drop in volts will be about the same 
as before; but since the pressure is doubled the percentage drop is 
halved, a fact of which the full importance will be realised when 
we study the Supply Company’s outdoor maius sptem. 

Even greater care must be taken with the wiring of a high voltage 
installation, and the switches and cut-outs must have a longer break 
between terminals and better insulation generally than if the pressure 
were 110 volts only. From the consumer’s point of view there are 
certain distinct disadvantages in obtaining supply at. 220 volts, notably 
that the lamps have a shorter average life and a lower elficiency than 
those for 110 volts. Against this we mu-t put. the fact that the price 
per unit is likely to bo lower, since the supply can be economically given 
over a much larger area and to a much greater number of houses. 

Jiotary electric fans, tfC .—Electric fans arc now being extensively put 
up in Calcutta houses to take the place of piinklme. The motors are 
of course made suitable to the Supply Company’s pressure, which is 
225 volts, or double that of our model installation. Eaoli fan takes 
about '3 ampere, or about the same as a IG-O.-P. incandescent lamp 
for the same pressure ; for permanent work a fan would therefore be 
wired in the same way as any single light fitting, and would be kept 
on a circuit of 1/18 by itself. Many fans, however, are hired out at a 
fixed price per month, and are liable to bo taken down at any time. 
In such oases the wiring is generally of a temporary character, 
the usual method being to run a twin flexible along on insulators. 
Provided this is well insulated with vulcanised rubber and kept in 
dry places only, I see no objection to the system for temporary work, 
since such a wire will have a life of some years. Note with regaril 
to these fans that when the blade is sot at an angle of 45° they 
travel slowest and use most current; for the quicker a motor goes, 
the greater the bank E M.F. it develops, and therefore the less current 
passes through. The blades can usually be set either for comfort or 
economy according to taste, but none of the fans I have come across 
seem suitable for any other use than over a bed or an office table, 
for they all throw a cylindrical gale underneath them and very little 
air at all more than a few feet away from that cylinder; possibly fans 
with flat blades curved vertically upwards would distribute the air 
more evenly. 

1 do not think that electrical heating is likely to be adopted out 
here except possibly in some of the hill-stations in winter, and neither 
are there any signs of electric cooking coming in, but while on the 
subject of house work I may with advantage just touch on these. 
Most apparatus of this description consists of a series of wires buried ia 
and insulated from one another by a special enamel—generally vitreous. 
The resistance of the wire is so caloulated that under given conditions 
of E M.F. a large enough current will pass to heat the wire as highly 
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«s U will stand, Eritliont its physical nature being altered. For to beat 
up a given mass of the enamel to a given temperature requires a 
certain quantity of heat, and the higher the temperature of the wire 
the less tnere need he of it in order to give off the heat in a given time; 
so that less power will he expended and greater efficiency will result. 
And looking at it in another way, since the heat obtainable through a 
given resistance varies as the square of the cuirent, it is evidently 
economical to beep the temperature of the wire high. 

Mill U^hiing ,—So far we have dealt with private house work; for mills 
the question of appearances need not come in, and the work while still 
good electrically can be made cheaper. Thus long lines of lamps 
will bo required with only short len^hs of wire and casing in between 
them, and all controlled from one end by one set of gear, while the 
very plainest fittings and shades can bo used. A fair figure for mill 
lighting is about Rs. 17 to Rs. 18 per point inclusive of everything 
up to the main switchboard. 

Special precautions against fire have to be taken in mills containing 
either peculiarly combustible goods or corrosive liquids, or gases by 
which the iusulation may he destroyed. In such cases a tube system 
is generally the host, care being taken to protect the outside of the tube 
and the joints in it with paint, and to examine the work periodically. 

Lights for out-of-door use have to bo placed in perfectly water-tight 
lanterns, of which there are many patterns. The plainest consist of a 
TJ-shaped globe with a flange which is gripped against a flat India- 
rubber band on the metal baok-plato, the wires being led in through a 
tube at the back. If fixed on the walls of a house to give light 
outside, it is best to run the tube right through the wall; if fixed on 
poles or trees, the conductors can be carried there in several ways, 
which we can more conveniently discuss when dealing with the overhead 
mains at Darjeeling. 



LECTUEE IV. 

Pkivate Plant. 

have ns yet assumed in all cases that electric power is ready 
' ’ • to hand at the point where we require it: I shall now consider 
the means of generating it and bringing it to that point, and first in 
the case of a private plant, such as would be erected for a large 
house where no public supply is available. Still keeping to the same 
installation of 105 lamps we wBl now study these further matters. 

JIfams.—Let us assume the engine-house to be at a distance of 100 
yards from the main distributing board in the house, the total current 
being, you will remember, 01 amperes. Now a drop of a few volts in 
this main at full load is not a serious matter, for the dynamo can be 
regulated to compensate for it and give a steady pressure in the house. 
We Tvill allow 3 volts to bo lost, and the resistance must therefore be 
or *049 ohm for 200 yards of lead and return. The wire lists show 
that 19/14 with a resistance of '025 ohms per 100 yards exactly suils 
the case, or if a solid conductor is for preference used, it must have an 
urea of about TOO square inches. Evidently wo may carry our main 
either over head or underground, the chief advantage of the latter 
method, namely that nothing is visible, usually outweighing those of 
the former. We will consider each in turn briefly, leaving the further 
consideration of the subject until we come to deal with public supply. 

If the main is overhead, bare solid copper wire will generally bo 
used. For a distance of only 100 yards, such as we have, one post at 
the engine-house and one half-way will probably be sufficient, the house 
itself being used as a support at the far end of the lino. Porcelain 
insulators held by iron brackets will support the wires, which ’ will bo 
bound on to them with smaller wire. At the terminal poinis the 
wire will pass right round the insulator, and then be bound and soldered 
up. For heavy wire such as this shackle insulators ore best at the 
terminals, since the tension is apt to pull over an ordinary supporting 
insulator (Figs. -18, •19). Tho leading in wires at boih ends of the line 
would bo 19/14 insulated, and would he taken through the walls in 
compo pii'ing. Insulated overhead lines will bo dealt with piesently. 
In India 1 consider they arc not advisable as a general rule, owing to 
the rapid deterioration of insulation exposed to the weather. 



Pig. 43. Pig. 43. 

If underground construction is decided on 19/14 insulated cable 
will be used throughout, A trench must be dug along tho route 
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and a siiWaiilial ti'ongh of teak, conorote, or iron placed in it. The 
wires will then be laid side by side in this, spaced from one another 
and from the trench by bridges of teak, and the whole then filled in 
with melted bitumen or pitch. Other systems there are also, some 
of which will be considered later on if time allows; the one l.have 
here mentioned is, in my opinion, the most reliable for this country, 
and I may mention that the conductors connecting tho old JablockhofE 
arc lamps in tho Eden Gardens here were so laid many years ago, 
and still give no trouble. 

Main swiichboard.—In tho engine-house the main cables come to the 
switcliboard, and assuming that tho lights are to be fed directly from a 
dynamo, without a battery, this will bo quite a simple affair (Pig, 60). 


C?} (s) 
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FROM DYNAMO 


Fig. 60. 

Each of tho leads from tho dynamo comes to a GO ampere cut-out; 
this consists of two terminal blocks of copper about 3 inches apart, with 
thimbles at the back of each for the wires, and nuts and washers in the 
front for tho fuse. Tho latter will bo of pmo strip tin, say No. 22 
B.VV.G., tiipered towards tho centre until the light cross-sectional 
area is arrived at. It is neither wise nor necessary to cut main fuses 
too fine, and a margin of 100 per cent, will still pritoot the cable from 
all damage. Accoiding to Proeoc’s tables a current of 120 amperes (100 
per cent, above tho actual) will just fuse on area of '024 square inches 
of tin, and since the thickness of No. 22 B.W.G. is •028 of an inch, a 
width of 1 inch will practically meet the requirements. After passing 
through the cut-outs one conductor wilt be connected in series with 
the ampere-motor which measures the main current, and then each 
conductor comes to its main switch, to tho open terminals of which 
the outdoor main is connected. Wo have still left the voltmeter 
out; tho two terminals of this aic connected by short leads to the 
thimbles of the two cut-outs, so that it is connected across tho circuit 
and in parallel with tho lamps. It is connected to these points so 
that tho volts can bo read even before the main switches are closed, 
the voltmeter making a closed circuit on its own account. All this 
gear is of course mounted on a suitable base, usually of slate. 

d'bo short lengths of wire from tho dynamo to tho cut-out are 
generally run in wrought-iron piping, which can bo previously fixed 
under the floor level; provided tho run is fairly straight, and sharp 
bends are avoided, it is easy to draw in tho wires. 

We must now turn to tho question of the dynamo, and 
see what will suit our purpose best. There is no question as between 
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continuous and allernating current, since for many reasons a private 
installation of this oharaoter will almost invariably bo run with the 
former, but the dynamo may be- either shunt-wound or compound- 
wound. If there is any likeljhood of batteries being added to the in¬ 
stallation later on, a shunt-wound machine should be used, since it is not 
liable to have its polarity reversed and is capable of most excellent 
regulation by hand, but as we are at present assuming no batteries, the 
compound-wound dynamo will suit our purpose bettor, since it is self¬ 
regulating. A compound machine when driven nt constant speed will 
have the same external, or terminal, E.M.F. whatever the ciureiit is; 
with a shunt machine there is a drop in E.M..F. as the external resistance 
is lowered, and in a compound machine this is just oomjiensatod for by 
the series turns on the magnets, whoso magnetising power increases 
of course with the external current. But in the present instance 
we require more than that, since wo wish to make up a loss of 3 volts 
calculated to occur in the mains. Our dynamo will have to bo slightly 
‘ over compounded,’ i.e. have a few more turns of main than are 
necessary to just neutralise the drop, and so that it will give 113 volts 
at full load and 110 at light load or on open circuit. The dynamo 
must bo capable of giving about 60 amperes, though as all the lamps 
are never likely to bo on siraultanoously a ratlnr smaller sizo will 
do, especially since a good raodorn dynamo can bo safely overloaded 
for a short time to the extent of 15 per cent, or even more. 

I’rime-movcr .—Wc may drive our dynamo hy-- 

(1) A turbine. 

(2) An oil engine. 

(3) A gas engino. 

(4) A steam engino. 

The turbine method can bo dismissed at once, since it will be more 
suitably discussed when dealing with central stations, and is, unfortu¬ 
nately, seldom practicable in private installations. 

In compaiiug the relative cost of coal, gas and oU as fuel for the 
three classes of engines the following figures (from a paper recently 
read before one of the scientific societies) give the approximate consump¬ 
tion for small privato plants. 

Coal .por unit 12 lbs. 

Gas . „ „ 5(1 cub ft. 

Petroleum . „ „ IJ pints. 

On this basis, and taking the prices approximately ruling in 
Calcutta, this works out as follows 

With ooul at annas 7 per maund, cost of fu(d per unit is 1 auna, 

)j 1 ’ 1,000 c.lt. ,, „ ,, ,, 5 „ 

„ oil ,, annas 7 „ gallon ,, ,, „ ,, | ,, 

For very small powers an oil engino is a most coiiTouiout primo- 
mover. It is fairly simple in construction and action, and any one of 
ordinary intelligence will soon learn to work it. Tho usual cydo is that 
the piston on its forward stroke draws in a certain quantity of air 
and a proportionate amount of the heated vapour of petroleum; on 
the return stroke this mixture is compressed by tho piston, and then 
at the commencement of tho second forward stroke it is ignited, and 
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the explosion gives the impetus that does the work. The next hack 
stroke clears out the products of combustion and prepares the cylinder 
for receiving a new charge Thus in two complete revolutions there 
is only one impulse given to the piston, while the flywheel has to keep 
the speed steady during the remainder of the time, despite that external 
work and internal compression are going on. Inevitably the speed 
slows down a little and then bounds forward at the explosion, and 
this change of speed affects the E.M.F. of the dynamo and shows 
as a pulsation at the lamps. Consequently it is necessary to fit a heavy 
flywheel pulley on the dynamo, and excejit in very small sizes this 
necessitates a third or outer bearing to support the extra weight. Up 
to about 6 B.II.P. the engine aud dynamo flywheels render the 
flickering almost unnotioeable, but in larger sizes it is palpable and 
objectionable. If therefore an oil engina is chosen as the motive 
power for our larger installation, we must use batteries in order to 
keep the li^ht steady, a point which 1 shall consider presently. 
The installation of electric light at the new Government llouso m 
Naiui Tal is mn from battorios, an oil engine being used as the motive 
power for the charging dynamo. 

A gas engine presupposes either a public gas supply at hand or a 
special private one for the pniposc. The latter course has boon some¬ 
times adopted, as it is probable that a more satisfactory effect can 
bo obtained through n gas engine and dynamo than by burning the 
gas direct. Coal gas, water-gas and oil-gas each have certain advan¬ 
tages, and Dowson aud other generating systems have been evolved to 
obtain them to the full. Where a public supply happens to bo available, 
there is much to be said in favour of these engines for small powers, 
but the same limitations ap])ly as in tbo case of oil engines, llecontly, 
however, improvtmonts have been made in gas engines which may 
render them almost rivals to steam in places where gas is very chea]), 
and American firms are now making them of great s zo compared with 
what had previously been done. 

On the whole, especially if we are to run without batten'es, a steam 
engine will suit our present purpose best. The electrical output of the 
dynamo is 113 volts x 60 ampcre3= 6,780 watts =9'1 E.U t’. Now 
dynamos are listed in the maker’s catalogues which will give 0,780 
watts at any speed from 360 revolutions a minute up to 1,200. But 
whereas the former will require about Its Bolt II.B., the latter will 
need not more th in 11 i, and the former will also cost far more than 
the latter, since it is a much larger machine. Now there are two ways 
of driving a dynamo; it may either be coupled direct to the orank 
shaft of the engine, and therefore driven at the same speed with it, or 
it may be driven by a belt at any speed according to the gear ratio. 
The slower of the above-raeniioned machines would be direct-driven 
by an engine running at 360 revolutions, whereas the smaller and fast 
revolving one would be belt driven. Those two methods can be 
discussed in turn. 

Cemhined sets .—A direct-driven dynamo is mounted on an exten¬ 
sion of the engine bedplate, the armature and engine shafts terminating 
in two half couplings which are bolted together. The speed of such a 
dynamo will be low by comparison, and it will consequently be 
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uecossary to make it mucli larger than a holt-driven dynamo of corre¬ 
sponding power. A 8])eoial class of engine has arisen for tlie direct 
driving or dynamos, tho host known varieties being tho Willans, 
Chandler, and llelliss. They are all high-speed short-stroke engines, with 
all working parts enclosed and special an-angoments for lubrication, 
and I will devote a few moments to a short general description of each, 
witliout pretending to go into details. 

The Willans engine was the ]iioneer of tho class. Its chief feature 
is tho valve gear, wliich is in the form of a smaller piston in tho 
oentro of the main piston; the piston rod is hollow, and the valve 
gear works inside it, tho steam being ailmittod through ports round 
tho rod. Tho o<-eentiio is worked olt tho crank pin inst(3ad of tho crank 
shaft, as is usual, in order that, its motion may alFoet tho valve gear 
relative to tho moving valve face; it is placed eont,rally, the oouuoet- 
ing rod being in two parts on either side of it. Tho engine is singlo- 
aetiug, so that tho i>rossuro is entii'oly downwards, and all parts aro 
in constant thrust, consoquoutly tlio crank shaft bearings aro otxjii 
entirely at tho top. Tho crank chamber is oomiJotcly enclosed, and 
is tilled to nearly the level of tho crank shaft with a mixture of castor- 
oil and water, into which tho cranks splash at every revolution, this 
device ensuring that every [lait is well luhiicate<l. There ore inspection 
trajjs in tho chamber through whicih tho working parts can bo 
o.xamiued when nocossary. Tho crauk cliarabor may get very hot 
through the leakage of exhaust steam into it, but the water iu the 
mixture prevents the temperature rising above boiling point, and there 
are generally also cold water circulating pipes to keep it cooler than 
this. As tho stiam ]ircs.suro acts only downwards, tlioro is an enclosed 
air-chamber below the cvliiidors in tho space iu whioh the guide {listou 
works. This cliamhor is opened to the atmosphere at the bottom 
of each stroke, so tho ooinpressioii is constant in amount nud the 
loss of jiower is lu-gligihlo, since tho air o.xpauds again on the 
down stroke. This device prevents the ougiiio from knocking itself to 
pieces and ensures .smooth ruiuiiug even at such high Sliced as (ioU 
revolutions, 'i'lio governor acts on a throttle valve placed just 
heyond tho separator; it is spriiig-oontrollud, and tho springs can ho 
regulated during working to alter tho speed withiu fair limits. 
8omi3 engines are lilted with variable exjiansion gear, cither hand or 
automatic, since i'or an engine' seldom fully loaded a groat deal of 
sloam will ho saved by using an earlier eut-oll, instead of tbrottliiig 
at tho main valve. Tito gear i.s plaoeil in tho steam ebo.st, wbieh runs 
along the lop of tho Hues of cylinders, aud acts by slightly rotating 
a cylinder wliich tits over the continuation of each hollow valve-pisloii, 
both of iheso couples having eorrosponding rei'tangular ports placed 
diagonally. Tlio parts of the-n engines fit like n Whitworth gauge; 
if a eylindor is put on an oiled face-plate and a piston dropped in, it 
will remain suspended by the air below it. Tho eonsoipiouce of such 
Workmanship is that the parts are puii'octly iuteriihaiigoahlo, and a new 
engine can goiierally be relied on to start without trouble and run con¬ 
tinuously as loug as it is needed. Willaus ongiuos may have one, 
two or tlireo cranks, aud may also be single, double or triple expan¬ 
sion. When Ihcrc is more limn one expansion tho cylinders aro placed 
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tandem fashion, so each bottom cylinder (low pressure) may have an 
intermediate cylinder above it with a high pressure cylinder again 
over that. Thus a 9-cylindor engine is by no means unusual, and, 
when this and the liigh speed are taken into consideration, you will 
see how compact such an engine must be fur its power. For instance 
a 360-I.Il.-P. Willans’ engine together with its direct-coupled dynamo 
takes up only a space of about 10 feet by 6 feet. 

Many of the foregoing remarks apply also to the Chandler engine, 
which is one of the very best for fairly small powers. It is also single- 
acting, with all moving parts constantly in compression, and it fully 
bears out its name of the “ Silent ” engine even when working at maxi¬ 
mum load. A great many Chandler engines are used for steamship 
lighting for which they are particularly well adapted, owing to their 
simplicity and the small space they occupy. 

The Beiliss engine diffeis from the last two in being double acting. 
The adjacent lines of cylinders are worked from a single slide valve of 
special construction placed in between them. Lubrication by splashing 
would not of course fee of any uso in this engine, since tlie bearings 
have to be closed top and bottom ; but a sm-all oil pump inside the 
crank chamber is employed in forcing oil through a system of pipes to 
all the places where it is required, under a pressure of about 16 lbs. 
on the square inch. Though originally developed to suit the special 
needs of dynamo driving, these various typos of engines aro now 
employed in many other ways whore high speed and direct coupling 
are desirable. 

Bill dricen isi‘h .—A dynamo for belt driving will he run at a far 
higher speed (ban its direct-couiilcd equivalent, and will consequently 
bo both smaller and cheaper. In tlie instances just given thercwould be 
a difference of about 100 per cent, in the prices. Should it be decided 
to drive the dynamo by a belt either from the engine pulley or through 
an intermediate counter shafting, it will bo mounted on a cast iron 
bedplate which must be bolted down secundy. A belt, however, gets 
slack in time through stretching, and to ojien it up and replace it after 
taking up the slack would bo a tedious and iccurring business. It 
is therefore usual to mount bolt-driven dynamo bedplates on two 
‘ sliding rails ’ with a slot in tlio centre; these rails arc iKTinauenlly 
bolted to the concrete or masonry foundation, or occasionally to timbcir 
beams, and if it is desired to fake n]i slack in the belt, the dynamo 
holding down bolts .are loosened and the machine is pu.shed forward 
a trifle by screws. Tliis can easily’ be aceoniiilishod while (ho raachino 
is at work, care being taken to move the dynamo parallel to itself, or 
flio belt may fly off. 

The lubrication of dynamo beaiiugs, wbetlier direct or belt driven, 
L now usually done by the uso of self-oiling rings, wbicli lie loosely on 
the centre of the journal and dip in an oil reservoir below, revolving 
slowly and carrying a stream of oil on to the journal. Sight-feed 
lubricators arc gradually being superseded by these self-oiling bearings, 
which have the great advantage of using tho sumo oil over and over 
again for weeks, thus effecting economy in both oil and attention. 
It tho qirime mover is a really good steam engine the turning momont 
is quite skiidy enough without any flywheel pulley on Ihe dynamo, 
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even for large horse-powora, for oven a simple one-crank double acting 
engine will have two impulses per revolution instead of one impulse 
in two revolutions. 

The engine may practically be of any class or make, so long as it 
has sensitive governors: vortical or horizontal, simple or compound, 
condensing or non-condensing, oaoh in its way may be suitable. But 
good governing is essential; there must be no ‘ hunting ’ up and 
down, no racing when a lot of lamps arc switched off, no pulling up 
dead when a load is put on. And wWn normal work is being done, 
no ordinary alteration of the load should make moro than abeut 3 per 
cent, difference in the speed, or the lamps will be giving their wrong 
candle-power to a noticeable extent. 

Ikilmt. —For supplying steam to the engine of a small installation, 
whether it bo a high-speed or an ordinary one, a locomotive type boiler 
will generally prove the most satisfactory; they steam up fairly quickly 
and are economical. The steam pressure depnmls of course ou what 
tho engine is built for, a compound or triple expansion engine 
employing a liigher pressure than a simple one. The latter will 
generally bo built to work at from CO to 100 lbs. per S(]uare inch, and 
the former from about 100 lbs. upwards to 200 Ihs. I need not 
hero enter into particulars as to engine-room equipment, which scarcely 
comes within the scope of these lectures. 

AcemiKlaton .—Batteries must now daim our attention for a time, 
since they will bo found in a majority of installations; secondary 
batteries, that is to say, or acoumulat ts so-callod. Tho difference 
between these and primary batteries is not really so groat as generally 
appears. In the latter, plates of two dissimilar metallic or somi-metallio 
elements are placed in an electrolyte, which readily attacks one of them 
on tho completion of tho external circuit, and oxydises or otherwise 
alters its nature; in tho former two plates of the same metallic element 
are placed in an electrolyte, and current is passed through them from 
an external source until they are altered and become chemically differ¬ 
ent. Thus a charged secondary cell is practically the same thing as 
a primary one. The only secondary culls of any practical value are 
those in which the plates consist of lead, in some form or other, in an 
electrolyte of weak sulphuric acid; and before describing any special 
types I will explain simply the eliciuical changes which the metal and 
acid undergo during use. 

If two clean plates of pure load are placed in dilute sulphuric acid 
of about 1'200 specific gravity, no chemical action will take place on 
either, even if they are joined externally by a wire; for they are in the 
same chemioal condition and sulphuric acid docs not attack lead 
ordinarily. Now pass a current from two primary cells through from 
One plate to tho other, or connect thorn in series with an iucandeseont 
lamp that is lit from a dynamo. After a short time one plate assumes 
a chocolate colour duo to the formation of lead peroxide PbO). Then 
reverse the direction of the charging current by changing over the wires 
and let it again How for some time; the chocolate plate gradually assumes 
a grey tint, while the other plate turns chocolate. The peroxide of lead 
on tho first plate has boon reduced chemically to load again though not 
in tho same mechanical form as originally; it is now in the form of very 



finely divided spongy lead, while the other plate has been peroxidized. 
Tliis combination now constitutes a simple secondary cell, i.e., lead 
peroxide—sulphuric acid—spongy lead, the ]>croxido or red plain being 
the positive pole of the cell, in that, a current will flow tlirough the 
external circuit from it to the spongy lead or grey iiegnlive plate. The 
diiferenco of potential between the plates of a charged cell such as this 
is about 2 volts. Now if the plates ni'o joined by a wire, a cuneiit will 
tlow in accordance with Ohm’s law, and will eonliimoto flow so buig as 
tho plates retain their diiferenco of potential. When it has ecased both 
plates will have tissumcd a uniform grey colour duo in oatdi ease to the 
formation of sutpliale of lead J’bSOi. On again passing ti current in 
the same direction as ]ir(;viouslv the jdates will once more bo charged. 
The roaclions in a charged cell wlien dis-eiiarging nitiy ho wrilfen as 
follows 

ThOi +H2S0. + 11 . 80 , + rh=rh8o, +ii.,()+ir.,o + riso, 

and to a discliarge.d cell when charging:— 

ri)SO, +II..O + ]T.,0 + rb80., =r I'bO., +11,80, +1I..80, +1T> 

i the ju'occfsos nro the I'xaet reveisc of one auoUier. Ifuiiug charge 
the electrolyte is strengtliened by tho addition ol 11,80,, whori'is 
during disehtirgc the same amount of acid is taken tip liy tho ]ilales, 
water being loft in its place. This i.'- ,a most I'orliinate thing, for i( 
enables tho oouilitious of a cell to lie told at once by taking its specillc 
gravity. It would in fact be a peri'eel guide were it not for one trouble' 
some fact; no matter liow carefully the acid is mixed to the retpiired 
slrongtb, it always bap)«ns alter a wliile tlial tlio celLs differ very 
considerably from one another, and, furlbermore, in any ]>arli<'ular cell 
the electrolyte inevitably lias a liigher spccifle gravity at the bottom 
than at the top. 

Another lorhiuate fact, making tliese halteries possible, is that 
lead sulphate is insoluble in the acid. If it dis,solved, as does the zinc 
sulphate in a primary cell, there wouhl be an end to the ]dato after 
a few charges. This insolubility also prevenls any gioat amount of 
‘local action’ from taking place on tho positive plates; you will 
uuderstaud tliis by' considering a portion of such a phite. wliero we 
have the backing of unaltered metallic lead, the jteroxide upon it, and 
the acid around. Hero arc all tlic elements for chemicid act ion within 
the single plate, and the peroxide might all be used up in opj.osing and 
disintegiating the plate tliat holds it, hut a eoaliug ol insoluble 
suljdie.to soon protects the metallic lead and slojis tlie pr()ceB.s. 

I'lain load plates offer so liltic surface, and therefore snpporl so 
little active roaleritil, tltal they are no use for practical work, and llie 
batti'ries I'.fAv in use shew a number of most ingenious ways by 
wiiich tlio snrlaeo expt sed to the .acid can be ononuoiisly increased as 
compared to that in a plain sliect of lead. There arc Iwo di.stinct 
classes of battery plates; thn.se in wliieh Iho Icah itself is ribbed or 
made porous by tho use of lead wire or ribbon, erysf.tilized lead, or 
specially rolled plates like a jihuil (known as the I’lanic typo) and 
those lu which a suijpoitiiig jdato of lead, iiuro or nlloyi d, is used as a 
backing and conductor for a jmste of active material, this nsti.ally being 
competed of litharge or red lend (e.iiled pasted plates), Tlie eoinpetiliuu 
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woen Iho two classes of ])lalo Is strong and hoaltliy, and loiitrovomentR 
are oonstaiilly ofl'ootod, fiut tlio host typs slill leave very mucli to bo 
desired. Tlio troubles that arise ore of soveral sorts, viz., buckling of 
plates causing slnjrt circuit, loss of ‘capacity’ througli flaking olf 
of the active material or the drop]nug out of pellets, and partial short 
circuits duo to the piling up of the diBintegrafcd material in tho 
coll. So long as the cells arc not subject to vibration the plates -will 
last some yoavs, but tint trouble is to get jdafes that will stand tho 
rough usago of a motor- or tram-car. Manufacturers front time tf) timo 
claim to liavo solved tho ditllctilty, but only time will docitie on 
tho tnith of their claims. Tho chief nianufaeturers of pasted plates 
aro the Electrical I’ower Storage Oonipaiiy (M.l’.S. typo), while the 
other typos aro well represented by Tudor, I).P., (Ihloride and other 
batteries. 

A cell may eoutain any odd nuiuber of ]ilnles, ■>, o, 7, &c., but 
always oiut more negative than positive, so that the end positives 
each have a negative ]>lato ojiposing their outer surfaces. Tho plates 
are generally sent out in seeliun.s siiflieient lor making u]) a cell; 
thus for an iI-]date Cell the live podtives will ho all huriit on to a 
.comuion load bar, the space between them being filled by jiacking 
for safe (ransit, and so also with the six negatives. Eaeh plato ia 
about i foot square and 1 iiieli tliiek. They will he mounted in 
a glass cell a few inelu's larger each way than the ])lales actually' 
require, and then^ will he sntuo fonii of insulating sujq'ort at the bottom 
of tho cell to relieve the lugs from strain, tilass or vulcanite separators 
will be fixed between tlie plate.s to sjiace them ])roporly, about ineh 
apart. A plate of glass is generally' laid over the top of the eell to 
keep the a<’iil Rjiray to some extent Irom dlirusiiig into the air. The 
]iesitivo plates of out' eell are joined to the nc-gativixs of the next, either 
by the lead burning jiroee'S with an air-hydrogen jet, or else by liolllng 
together the two lend lugs. Tl,e ehctrolyto should always cover the 
plates to a depth of -I inch or so. Each cell stands on a wooden tray’, 
which is mounted ou oil iiisidators. ileial-wurk shouhl bo avoided as 
far as po.ssilile in the cons'riiotiou of battery stands, and all wooil and 
luotiil must bo tluaxiughly piduted over with a special euair.el that 
resists 8ul])huric aciil. As tl.e weight ot a Imllery is vi ry groat, tho 
stiuiils must of course be most seliilly eniistruetesl, and they should also 
be so aiTauged tbtil iu.spcetion of Die cells is easy 

Tho E.M.F. of a battery depends of course on the imniber of cells in 
series, each eell giving 2 volts on discliarge. The maximum cuiTent 
depends pi’aetirtnlly on tlic number of jilates, since the groat or the number 
the lower the iuterual resistanee. Put ibero is a prat Heal limit of 
disebargo rate for eaeh typo of plate, beyond which di-integixation is 
unduly hastened. It varies fi-om about 4 aiujieies per plate for tho 
pasli'd typo to nearly 7 for some of iho Plantc type. Whoit tho 
diseh.argtt is eoiiiing to an end, iho Itl.Al.E. of the eells drops a liltlo 
until if gets to about 1'8 volts per eell only, afti'r wliieli no inovo 
current should be taken. If t Iris is disrt'gaided, the E.M.P. lira lew 
more minutes drops down to zoi'o, and .some of the weaker eells may 
ponscqrrently wilfor reversal through being elinrged by’ the etrougor 
ones—to their great detriment. 
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The ‘capacity ’ of a cell, or the number of ampere-hours which 
it is capable of giviiip;, depends always on the amount of active 
material, and at each discharge on the rate of that discharge in 
amperes. Thus, a good pasted-plate type of cell will give from 13 to 
10 ampere hours jx'r plato, and a I’lantd typo from 23 to 30. 
In charging accumulators an E.M.l'’. of alwut volts per cell is 
nooesaary towards the corajdetion of the charge, as the back E.M.F. 
of the cells rises considerably above the normal 2 volts, and the 
charging current should not bo much above half the highest dis¬ 
charge rate. When a co'l is fully charged, a quantity of gas is given 
off—since the plate can utdizo no more—uiid the electrolyte becomes quite 
milky in apiiearancc. This is therefore another sign that tho charge is 
complete. 

If a battery were to bo used in our model installation it would 
be advisable that it should be capable of maintaining all tho lights on 
at once for three or four hours. The caj)acity must therefore bo aliout 
200 ampere hours, and the E.M.F. 113 volts. To obtain tho E.M.F. 
57 cells are necessary, but we must have at least two more than this, in 
case any get out of order or lose their capacity. If we lake Tudor 
L-type accumulators as an example, cells of 0 plates will be more than- 
snflicieut; for such cells the makers gnarautce that tho capacity is— 

210 ampere hours at 72 amperes discharge, 

2d0 „ „ „ 4S 

280 .. 28 „ 


and 7-plate cells would almost bo sufficiently largo. 

Dynamo for baikry charyiny. —In an installation with batteries 
the dynamo must bo shunt-wound, since a compound-wound machine 
will be reversed if its E.M.F. drojis below that of the battery, 
whereas a shunt machiuo merely runs liarmh'ssly as a motor, in (he 
same direction as before. I'rosuming that tho battery will be charged 
during the day and tliat tho lights will bo rmi from it at night, 
the dynamo for our installation need not give above 40 amperes. A 
charge of six or seven hours nt this rate will bring the battery fully u]< 
again even if totally exhamtod. Wo must allnw 21 volts per cell, or 147 
volts for 59 cells, as the E.M.F. of tl.n dynamo. Tims the dynamo 
output will be 147 x 40, or 5,880 watts, which, divided by 740, gives 7'9 
electrical horse power (E.II.-F.), requiring an engine giving about St 
I.H.-P. to drive it if it is a small high-speed machine, liegulating 
gear must bo provided to enable the E.AI.F. to be gradually raised, 
since the full 147 volts wdll only bo required at tho end of Ihe charg(!. 
Of course this can be done by altering the engine sp<>ed, but that is an 
iiKionvoniout method ; tho usual way is to have a resistance coupled iii 
series with the shunt, and a regulating switch by which more or less of 
the resistance can bo ntilized as desired. 

'ihe calculation of such a resistance is not a difficult matter, 
but to bring it homo to you I will work out an example which 
occurred in an actual dynamo of rather smaller size tiinn this. Tho 
machine in question was required to give 110 volts and 45 amperes 
at 1,200 icvolutions per minute normally, for running lights in 
parallel with a battery. l!ut it was also re(piirod to give 135 
Volts ior battery charging, when run at a spe.d of about 1,450 
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revolutions. Now Iho E.M.P. is raised exactly in proportion _ to 
the speed, other things being nuchanged, hut as the E.M.F. rises 
so will the shunt current. Consequently enough resistance had to be 
added in this case to keep tho shunt current constant. The total re¬ 
sistance of the shunt when hot wos 40-8 ohms, which at 110 volts gave 
a shunt current of 2-7 amperes. The total resistance of tho shunt and 
added rcsistanco together, to give this same current at the higher 
pressure, must he or 50 ohms. Therefore the added rosistaiico alone, 

when hot, must bo 9 2 ohms, which would mean about 14 ohms cold 
if platinoid is used; and it must carry 2-7 amperes. Tho size of wire 
is determined by the current—a rcsistanco coil of platinoid being 
worked up to about 2,600 C.D.—and tlio length of that wire is then 
calculated to give the right rcsist.anco by tho fonnula— 

Ohms per yard=_-^-,-, 

the diam. being expressed in mils or an inch. Tho usual 

method of arranging resistances is to wind the wire in spiral coils 
and then stretch them between porcelain insulators mounted on au 
iron frame. AVires are led off to tho multiple contact switch from 
jioints that divide the resistance up equally. Tho frame should be 
tixdl in a well ventilated place, since it will get fairly hot, ond 
the cables should be kept quite clear of tho hot coils. 

Hn-ikhhoard for hatterii indallation .—Tho switchboard for use 
with a battery has to bo slightly more complicated than tho one pre¬ 
viously described, for, in addition to the other gear, an automatic cut¬ 
out and battery regulating switch have to bo added. Automatic 
switches for this class of work are often so arranged that tho current 
passes through a lever arm dipping in a metal ciqi of mcrcuiy, which 
conducts tho cuiTcnt on. Should the dynamo E.M.E. at any time 
fall below that of the battery, a solenoid draws the lover u]) out of the 
mercury cup, thus breaking tho circuit at tho moment when practically 
no current is passing. The battery regulating switches are of the mul¬ 
tiple contact type as shown iji figure 51. You will see that it a dynami) 
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is connected across at the points A B the curii'id from it can be passed 
through either the whole battery, by putliug the switch on (he end 



G1 


1,1'XTl lU.S 


contact, or tlirou^li any loss numiior up to tlio sixth coutaclr. It, again, 
tlie liglita are onnnootocl in parallel to mains issuing from A 13, thou 
the I'l.M.h’. can he rogulalod to the extent of two volts per oouta(!t, 
ihkI tho roquirod pressure obtained. These ooustitute charge and dis¬ 
charge switches. Note that the connecting wires troin contacts at 
1, 2, &o., must bo largo enough to carry tho highest discharge r-ato 
or the battery, since the full E.M.F. wdl tlum bo om]doyed; tho 
contacts 5, (3 may have siuallerconncding wires since tl.c current is there 
at a minimum. On some battery switch boards a speehd switch is also 
added, by wliich tho ampere meter can bo made to road either tho 
current the d.ynimo is giving, tho current tho lumps are taking, or tho 
charge or discharge current of the battery. 

MiiiiloiaHcc of iiistiillaOuii .— Wo liavo now comubdod the survey of 
tlio installation under various conditions, and can turn our attention 
totlie maintenance of it in working ordi r. In the house a test should 
occasioijally bo made (o see that tho insulation resislauco koops u]). 
If it is loo low take tho branch distributing circuits one tiy ono 
and flml out wliieli of llunn gi'cs a low result, disconnecting each 
in turn from tho re.st at llu' switches or fuses on tho main dis- 
liibuting board. Having found the faully one lest each of its 
lamp circuits in turn, and so gradually localise the fault or weak 
lilace. 

Oc'Casuiually more lighls will Ik- rr(|nlred la some room, and 
hero inueb eaulinn is needed. If the wires iin; alicady tiilly load- 
id a new ciu'uit must be run I'lom the dhtrilmtiiig puiiit, utlu'rwiso 
tho lamps already uj) will not get their iiropcr volts. Teople are 
.also fond of jmtting oO (.! T. lanqis in peiidunis inleiidel fur Hi (bf’., 
and are tlun suipriscd that they look “ like red-liol haiijiins.” 
I’robubly the di'op in veils is .such that they are not giving half 
thoir caudlo-])ovver, vvliilc the insnlatioii of (he vviie.s is being ruined. 
If a temporary circuit is run lor a special rcu-on see (hat it dees net 
remain in use iudeliuilely without being put info |injpcr ordir. See 
also that broken or erncked wall plugs, fuse covers, and so forth arc not 
allowed to remain. 

In the engine-room see Ibai evir\thing is kept clean, and that faults 
are put right vvlicu first di tccled iiisli ad of when they ciuisi' a break¬ 
down. lieep lire oomiiiutator of tho dynamo clean, and the brirshos 
well set; sparl ing is gencially aqiiiie jirevenlible evil. 

Turning now to Uie hatleiy, if it is to last a long time it must 
abjve all ihing.-'- be well looked alter, and intelligently. 1 hiring dis¬ 
charge individual cells sboulil bo examined to see that they are in 
vverk'hg order. When the dialiiirgc liist begins .sec that 1 ho E.iM.l''. 
loglstrrod on the voltnuicr vvoiks out at 2 velliS per cell; if h'ss, one 
cell ib probably not in order. As disclmrgc procceils the volts will 
drop gradually, but if at any time a suibb u drop is noticed try every 
cell in turn with a 2-Yiilt letting voltmeter. If n cell runs out, sliort 
circuit it across with a piece of cojiper largo enough to carry tlio whole 
current; .itlierwibO it will pass lliroiigli the cell and ebargo it in the 
wreng direction, siuco tlicre is no back E.M.b'. to re.sLst it. A cell 
may runout with one set of ] ilati vs bt ill capable of disci larging, if (he 
(I' ti c m.itcrial eii Ihc othci plat'- 1 exbauslcil. To (ind out vvbieli 
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plates are exTiausted, charge up two little plain lead plate's such as I 
first described. Introduce the positive into the eleotrdyie of the bad 
edil and test if there is any P.D. between it and the set of negatives; 
if there is, those plates are good still. Then try the negative test 
plate across to the positive set, and in that case no P.D. will be found, 
shewing those plates to be exhausted. .See that the electrolyte covers 
the plates sufficiently and take the specific gravity from time to time, 
adding water or dilute aoid ns may be required. I have found the 
following a useful hint: mark off three or four cells of good capacity and 
take their speoifio gravity constantly when fully charged and when dis¬ 
charged, note the mean of the results, and then under ordinary working 
conditions a few minutes will always sufiSoe to give a very close measure 
of the amount of charge still left. See also that all connections are 
kept in proper order and that the acid cannot attack them. Look out 
I(/r loose pieces of active material and remove them. Keep the trays 
and insulators clean so that the battery remains well insulated. 

Notes on emting installations .—To eonclnde this survey of private 
house installations, I will add a few notes on certain existing installations. 

In 1898 I was called upon to report on the condition of the 
installation at Viceregal Lodge, Simla, wliich had been giving consider¬ 
able trouble, and I will ti^l you some of the points noticed. The 
mstallation was over 10 years old and was therefore very much oitt 
of date in many ways, and it had also suffered considerably from not 
being sufficiently well looked after. It was in some respects un¬ 
fortunate that my tests had to he made in December, siiioe in such a 
dry month there was but little inducement to the faults to shew 
up, and the measured figures of insulation resistance demonstrated how 
very little criterion this test was of the real state of affairs. 

The fiist trouble encountered was that duo to' the inaccessibility of 
the casing, a point I have spoken to you alout. Wherever possible 
the casing had been run behind carved wainscotting and panelling, 
or under floors tonguod and grooved; or rather, the casing was run 
first and the other work was afterwards fixed over it. In many cases 
the floors had to be simply broken open. It is soinotimos unavoidable 
to put casing nnder floors, but in such cases the planks immediately 
over the wires should not be mtorconnected but merely screwed down 
with brass screws. All the wires were run (nominally) in casing, but 
in many respects the rules of good wiring were broken, generally 
during repairs, and not, I believe, by the original contractors. Thus 
where a Tee joint was taken off (and they were legion) the outer wire 
touched the other at the crossing; and not infrequently at an awkward 
point, where extra care should bo taken, the two wires were squeezed 
into one groove together. As these things generally ooourred where 
the insulation was already weakened by a joint, often badly insulated 
itself, the absurdity of running any of the wires in casing at nil be¬ 
came the more apparent. 

In one room it was found necessary to pack the interstices of (he 
floor and ceiling with something wLieh would deaden outside sounds; 
a mixture of sawdust and other ingredients was apparently packed in 
wet, the conductors being completely surrounded by it! Naturally 
theie was elcctrolysia at the weak points, which were many. Again, the 
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Caaing was in many places sunk flush in the plaster of damp outside 
walls, with the same result. 

Joints, as usual, were the chief source of weakness. Many had been 
fluxed with sal ammoniao or chloride of zinc, and these had in some 
cases been eaten right through. Among the recent joints—repairs!— 
there were some with the wires “ merely hooked together, without any 
pretence at more than the merest contact, and then roughly taped over 
so that the copper could be seen through the cracks. But few of them 
were even mechanioally soimd, hardly any of them soldered.” There 
was also a lot of pseudo temporary work, and I will again quote 

from my report “.in many places 1 found work originally meant 

to be only temporary, remaining permanently in use. This took 
various forms; thus extra fittings have been wanted, such as wall plugs 
for serving portable lamps, and cables have then been run down the 

woodwork close together and fixed by metal staples.” Again, 

“ twin flexible cable of poor quality has in places been imperfectly joined 
to other cables and run in casing, probably an urgent repair ” for¬ 
gotten promptly. “ Bedroom pendants have had to bo moved a fow feet’ 
away from their ceiling roses ; staples have then been used as a means 
of fixing the flexible.” I need not comment on those e.samples. 

Another grave feature was the constant use of 1(5 or higher C.-P. 
lamps where 8, C.-P. was intended. So far as tlie lamp load itself 
is oonoerued this may not matter generally, but it does matter to tlie 
sub-mains. The latter are apt to he oaloulaled for the eurront required 
for the original lamps; if the C.-P. is doubled throughout the load has 
100 per cent, overload, and I found otw case of 200 per eout. overload* 
Even the tloxihles of pendants arc lialde to ho damaged when 50 C -P. 
lamps are put on to a 85/40 as in another caso. Apart from'tho 
damage to insulation and possible fire risk, the inevitable result of these 
doings is a large drop in volts in tlie leads and consequent loss of light. 
The same thing will result if extra cireuits are run from fully loaded 
distributing boards. I have guarded against trouble from these causes 
nt Government House, Calcutta, by two useM precautions, which, 
however, on account of expense would often not he mlraissible—first, 
by calculating the current in every case on the assumption that every 
lamp will be of at least 1(5 C.-P. and will take watts per candle, what¬ 
ever the immediate intention actually is with regard to it; secondly, by 
having all mains and sub-mains of such section as to give 500 C. I), only 
in the first instance, sg as to givo ample margin for the extensions in¬ 
separable fiom a large installation with fresh tenants from time to time. 

If an installation has to he examined after a good many years it 
generally happens that no one knows whore the wires run to or what 
circuits the cut-outs control. To obviate tlus it is useful to insist that 
“ after the contract is completed the Contractors shall supply accurate and 
easily understood wiring plans of the wliole installation, showing distinct¬ 
ly the course and size of every wire in the huildiiigs, with the position of 
every lamp fuse, switch, &c., and the maximum current which every fuse 
is liable to carry.” Also that the distributing boards should havo all 
their fuses labelled “ with a reference number or letter, by means of 
which the cirouite they control can easily he found on the wiring plan.”* 

• ritif Apjn'Uiliv Fornipf 





LECTURE V. 

Ckntral Station Supply, 

rpHE distribution ot eloclricity from central stations is a subject' 
■wbicb might easily take up several of these lectures if treated 
fully, but I shall confine myself to-day chiefly to the consideration of 
■what appears most likely to bo of practical uso to you bore. Such, 
distribution may be by means of either continuous or alternating current, 
each having the advantage under certain condition*, and we will cousidei 
them in turn. 

In the lust lecture wo discussed the details of a simple continuous 
current installation at a pressure of 110 volts. With larger plant and 
bigger mains the same system would have served a number of houses 
equally well, and this 2-wiro continuous current system with batteries 
is about the simplest form of distribution from a central station. It is, 
however, seldom adopted, since con8i<lerablo economy can be eSected by 
the use of the 3-wiro system, which 1 will now proceed to explain. 

Threo-wire sy,■!<(!/«.—Suppose wo have a battery of 110 cells, the P.D. 
between tbe terminal point will be 220 volts, and the P.D. between either 
end and the middle poiut of the whole battery will evidently be llO-volts. 
From these three points take three conductors, which wo will call the 
positive and negative ‘outer’ cotrductors, and the ‘third wire’ or 
neutral middle wnductor. Evidently with this arrangemeut we can 
put 110 volt lamps in parallel botweeu either outer wire and the third 
wire and they will light up. Or on the other baud we can simul¬ 
taneously put lamps time in parallel between both outers and the 
third wire, and both sets will light up indopeudeutly. In the diagram 
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Fig. 62, 

(Kg. 52) I have shown this arrongomenl, and 1 wish you to 
supjiose each of the circles L to represent an iustallation of (say) 20 
lamps in a small house, of which five are for example shown, two on 
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the positive side of the neutral wire and three on the negative side. 
At the point S a switch is inserted in the third wire for explanatory 
purposes, though such a switch would not be at all advisable m practice 
as you will presently see. Across the three conductors I have drawn 
dotted lines A’ A* A’, B‘ B* B*, etc., just beyond the points where 
each set of lamps are taken off. 

First of all consider the system to end entirely at A' A® A*; there 
is one batch of 20 lamps, say 12 amperes, on the + side and nothing 
on the other, so 12 amperes will flow from the + polo of the battery 
through the lamps to the third wire, and thus back to the centre point 
of the battery. This then becomes the negative pole of the half battery 
supplying the current, and the other half battery is entirely idle and 
on open circuit. Open the switch 8, and the lamp circuit is broken, so 
both halves will be idle. 

Next close S again and take the system up to the points B‘ B®; that 
is to soy, with 12 amperes on each side of the neutral wire. Assuniitig 
for the moment that each 12 amperes are independent of the other 
altogether, the original current will behave as before, while the now 12 
amperes will start from the positive polo of the stictmd half battery (that 
is, from the third wire terminal), and go through the lumps to the outer 
negative terminal. Now considering the two currents together, we find 
that we have two 12 amperes ap])arently flowing in opposite directions 
in the third wire. Actually, Iherefoio, no (surrent at all flows in it, 
but the current instead passes from the positive pole of the whole 
battery through the tw'o installations in series to tho negative pole of 
the whole battery, with the full 220 volts to overcome the double 
resistance. Open tho switch S, and it makes no difference whatever to 
the light. But note that the second 12 amperes do flow in part of the 
third wire, namely, from to A®. 

Take the system up to the points C C®C®now, thus adding 12 
amperes more to each side of the system and making 24 amperes in all 
ou each side. As before no current flows past tho switch 8, since we 
have 220 volts causing a current of 24 amperes to flow through two 
batches in series, each of 40 110-volt lamps. As before 12 amperes 
will be flowing from B® to A®, but since tho two new and equal installa¬ 
tions have been coupled on to tho same point on the third wire, no 
current will flow from C® to B®. 

Finally, add 12 amperes more on to the negative side only, beyond all 
the rest. This side is now ‘ out of balance' with the other, having 
36 amperes against 24. The difference will have to pass through the 
whole length of the third wire, and tho negative half of tho battery 
will have to give 12 amperes more thau the positive half. The piece 
of third wire from B® to A® will have 24 amperes in it, siuoe it pre¬ 
viously had 12 amperes flowing in it in the some direction. If now 
the switch & is opened there is a serious upset of the arrangements, for 
we shall then have a pressure of 220 volts applied at the ends of two 
unequal resistances in seiios. Tho current is of course dependant on 
the combined or added resistance, and the same current must flow 
through both sets of lamps, first dividing itself up among 40 and then 
among 60. Evidently each of tho 60 lamps will get too little current 
and give a dim light, while each of the 40 will got too much and bo 
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diBinienated by the excessive temperature oE its illameut. Thus 
you will see that, with a three-wire system, the middle wire carries no 
current so long as there is a true balance beiwcen the sides, and under 
other ciroumstanoes it only carries the difterenoe between the current on 
the two ddes; it can therefore be made far smaller than the two outer 
conductors (usually half their area) and a largo saving of copper is 
effected. 

The battery of course needs charging, and a dynamo giving 
an E.M.F. of 110 or 275 volts will do this; but such a dynamo 
will charge the whole battery alike, and will therefore bo unsuitable 
if half the battery needs more charging than the other half, as will 
he the case if the lamps have been out of balance during discharge. 
It is also necessary, therefore, to have a smaller dynamo giving about 
138 volts and capable of being connected to either half of the battery 
as need arises as shown in Figure 53. , 
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If the mains on such a system as this arc of considerable length, it 
will be neotssary to make them very large in order to keep the E.M.F. 
practically the same at all points, and, to got over this difficulty, the 
same device is adopted that 1 have already (loscribod in connection with 
internal house wiring. ‘Feeder' mains are taken from the station 
to various convenient centres of distribution, a certain predetermined 
drop in pressure being allowed and compensated for at the station. No 
lamps are lit off theso mains i they simply act as feeders or suppliers 
of ourront to a net-work of distributing wires. The latter are mode 
large enough to carry their maximum current with very little drop in 
pressure, so that all consumers get nearly the correct E.M.F. The 
feeders have two large ‘ outers ’ and a ‘ third wire ’ of about half the sec¬ 
tional area, while from each feeding point a 2-wire net-work runs in 
every direction, consisting in each case of one outer and the neutral wire, 
and both of equal size i from this branches are taken off to each installa¬ 
tion as requii^. In very populous localities the net-work will also 
have all three wires, houses being alternately connected to either side. 
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In all oases, the total number of lights eonncoted on the positive 
should, os far as possible, be equal to the total number on the negative, 
side, both iir individual streets and in the aggregate, so as to reduee 
the Qurrent in tlie third wire of the feeders and keep the batteries- 
discharging equally. Even a large battery would bo unable to supply 
power to a town for long, so in praotiee the dynamos are run in 
parallel with it; the former then serves to take up any sudden load 
that may be thrown on, gives more current on either side that requires 
it if the balance is bad, takes up tlio small load from midniglit ouwards, 
and saves the cost of extra dynamo and engine-power for tiding over tbo 
short time when the load daily rises to a maximum, generally just about 
the hour of late dinner. I shall show you some diagrams later on {tide 
Figure 76), from which you will see that the last function of the battery 
is most important, since the peak of the load curve is most pronounced. 

I now shew you a diagram giving the connections of a central 
station switch-board for a throo-wire syslom with batteries, opened out 
in the clearest way for the avoidance of crossing lines (Plate 1), and 
for reference I also give a diagram of the gear as actually arranged 
on the switch-board (Plate II). 

During the last few years most electric supply stations have been 
designed for 220 volts at the lamps, so that there is a pressure of 440 
volts between the outers of a fhree-wire system. To tho consumer 
this makes comparatively little differenoe, though ho has to pay rather 
more both for lamp renewal and current, but to tho supplying party 
it makes a gieat deal. To supply a given number of lamps at double 
tho pressure only half tho copper is necessary in tho mains, and the 
area that can be economically served from tho station is increased four¬ 
fold, so that far more consumers can be obtained. Calcutta is served on 
this system, and 1 shall lueseiitly give you some particulars cf the 
scheme. 
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Vig. 64, 

Turhing now' to Ihc alternate current system we have quite 
diQorent conditions. In tho first place no battery can be used, sinoe 
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Bn ttlternating eun enfc is useless for obamng purposes—each rerersal 
would neutralise the chemical elEect of the preoeding half cycle—and 
consequently the regulation will be entirely through tho engine or 
dynamo. The usual system is to generate current at high pressure, 
2,000 volts or upwards, carry it to convenient centres of distribution, 
and then transform it down to the working pressure of 220 or 110 
volts for use, distributing it by a network as in the previous instance 
(Fig. 64). I shall, in my last lecture, describe such a system to you, 
contining myself now to a few general remarks. If a given number 
of horse-power are to be transmitted from a central station to a 
certain point or distributing centre, the higher the E.M.F. is tho 
smaller will the current be, and the smaller also the conductor for 
carrying it. Where the distance is great this makes a great diilerenoe 
in the cost of a scheme, so in such cases alternating current is usually 
adopted. Of course continuous current can also be generated and 
transmitted at high pressure, hut it does not offer such facilities in the 
way of transformation to lower pressure for lighting work. If a 
continuous current is available at 1,.600 volts and we want to light 
110 volt-lamps with it, we must use a motor-generator to effect the 
transformation, supplying the motor at 1,500 volts, which in its turn 
drives a llO-volt dynamo. In the case of alternate current we need have 
no moving machinery at all to do this, which is a great consideration. 

Mainn .—1 have already briefly described two methods of running 
mains in discussing priv.ato installations, and I will now go rather more 
fully into these and other systems. 

Otcrhmd mnim may' be cither of bare copper or insulated cable. 
In England the use of bare copper is in general prohibited, but in 
India 1 consider it to have groat advantages over tho other method 
for most i)urpo>es, siuco insulation exposed to the weather inevi¬ 
tably perishes after a few years and thus becomes a source of false 
security, while a bare wire carries its obaracter on its face. For a 
system of bare overhead mains it is usual to use solid hard-drawn 
copper wire. The resistance of this is a tiifle greater than that of soft 
annealed copper, such ns is found in cables, but the strength is very 
much greater, and if soft wiio were to he used there would be a danger 
of it being actually stretched during straining up which would reduce 
the cross-section and increase the resistance of the conductors. Poles 
may bo of almost any construction that is used for telegraph or 
telephone work, provided that they are strong enough and tall enough 
to fulfil the conditions of the Government regulations.* Insulators 
may also be similar to those used by tho Telegraph Department, 
shackle insulators being used where there is danger of bending the 
stems of ordinary brackets. In erecting small gauge wire care must 
be taken to avoid letting it touch the ground, since even scratches 
render the wire liable to break later on. Xinks of oonrse need careful 
treatment in all oases, and if they have by mischanoe been pulled up tight 
it is better to cut tho bad piece out and make a joint. Tho Telegiaph 
Department form of joint (“Britannia joint”) is best for this class of 


• Rnlos uinlor Section 4 of Act XHT of 1S87,” OoTemment of India. 

“Onlcutt-a Koctric liigUling Uogulations," ^aB6cd undot Act IX of lyy^, Government 
of Bengal. 
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work; clean and lay the two wires alongside for a few inohes, according 
to the diameter of the wire, turning the ends up very slightly, then 
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hind the overlap with a smaller size binding wire, giving the two 
ends of the hinder a few turns beyond the joint, and solder thoroughly 
(Fig 55). The soldering should also be done quickly, as the temper 
of the wire is liable to be lost if it is overheated. In straining up the 
wires the custom here is to use a block and tackle, gripping the wire 
with a few turns of 3-ply rope instead of using a vice. Spans should 
range from 160 to 200 feet, and in every case where a street is crossed 
a pole must be placed on each side of it, under the Kegnlations. 
Where the line makes an angle tho pole must bo stayed either with 
one stay at the resultant angle of the strains or with two in the 
two alignments, aooording to whether tho angle is small or large. 
In the ease of small angles the brackets may be so placed as to bisect 
the angle, but where the wires turn a right angle it is best to 
terminate them at an insulator in the alignment, and then start afresh 
with n new line, connecting the two together liy a short length of 
the same wire. Terminal posts must of course bo stayed, and in a 
lonff straight line of poles it is advisable to stay the ends of any specially 
long span, so that the breaking of a wire may not cause a number 
of poles to fall over. If a long line is exposed to tho force of tlia 
wind side stays must occasionally be fixed also. Stranded galvanised 
iron ^re is the best material for stays, and a big stone buried fairly 
deep down acts as an excellent anchor; screws for altering the strain 
are generally fitted also. It is generally better not to run the wires 
in pairs on double brackets, as they may blow together in a wind; 
single brackets a foot or so apait, on opposite sides, prevent this and 
make an equally neat job. On tho three-wire system the third wire can 
be conveniently put ever the top of the vole. Where the line is a 
high tension one oil insulators are generally used, but such a line or 
uninsulated copper would not be permissible except for transmitting 

power overhead wires are bound by regulation to be insulated 

and suspended from a bearer wire, except in the case of the ‘trolley 
wire’ of a tramway; indeed they are very seldom allowed at all there, 
as the necessity does not exist to the same exti nt os m India. Here 
they are or are being, erected in various places, with the express consent 
of Government in each case, and there is little doubt that they offer tho 
greatest advantages of any system having regard to the peculianties 
of the climate. Any high-pressure line in a town would, however, be 
insnlateJ, and we have an example of this in the IlariiBOu Road are 
lighting, where the maximum E.M.P. is about 1,400 volts. The rule 
for the radial thickness of the dielectric (or insulating material) for high 
tension lines is that it must “ not be less in inches or parts of an inch 
than the number obtained by dividing the number expressing the volts 
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by 20,000, with a mmimum of one-tenlh inch.”* There is a bearer 
wire of 3/16 galvanisoJ steel ran on insulators, and the cable is hung 
from this by raw-hide suspenders, so tlmt no strain comes on the 
wire or its ooverieg. Strictly speaking, the cable should be at a height 
of 18 feet ordinarily and 30 feet where it ciossea a street, but this rale, 
being of later date than the installation, was not afterwards enforced 
in this particular instance. 

Underground maint, bare ,—Coming now to underground mains 
we can again use either bare or insulated copper. It was originally 
proposed to use bare underground mains in some parts of Calcutta, 
but the idea was wisely given up, partly owing to the difficulty of 
preventing water from accumulating in the conduits. In the Crompton 
system of bare uinlerground mains a concrete conduit is built, with 
manholes at fairly short intervals. At each manhole there are support¬ 
ing insulators, and the conductors on these consist of copper strips 
1 inch wide and ^ or | of an inch thick, which at the end of a 
straight run, and at intervals everywhere, are strained up tightly. 
This system can bo most easily applied in places where there are long 
straight runs and enough slope to make the drainage of the conduit 
easy; it has the great advantage that everything is open to inspec¬ 
tion and easy to repair, and that if a conductor becomes overloaded 
as time goes on, another pair of strips can easily bo drawn in and 
fixed over the existing ones. Joints for house services, &o., are made 
with gun-metal clips, insulated wires being taken into the houses iil 
iron pipes. Whore tlie conductors cross under a road, a short length 
of multiple way iron pipe is laid and insulated cable is drawn 
through. 

Underground inmlated maine .—I have already mentioned the 
advantages of running cables in bitumen, and this is done in the 
“ Callcndar” system, of which there are many miles under the footpaths 
in Calcutta. A cast-iron trough of rectangular section is laid in a 
trench, successive 6-foot lengths being bolted together; into this wooden 
bridges are placed at short intervals, each with as many grooves spaced 
out as are needed for the cables. The conductoi’S are insulated with 
prepared tape, apparently soaked in bitumen (the actual material 
and process is a patent), and they are laid along the bridges in the 
trough. A small amount of molted bitumen is then poured over all the 
joints of the troughing and over each wooden bridge, and when this has 
somewhat sot, the whole trough is filled in entirely with that substance. 
Before it has set a cast-iron cover in 6-foot lengths (usually broken into 
shorter lengths still on tho spot) is pressed on the top, the joints in 
the cover being further protected by an extra layer of bitumen out¬ 
side, Joints in the cable are made by the use of metal sleeves fitted 
over the strands and then filled iu with solder, and the special 
insulating compound is used around joints iu place of simple bitumeu. 

In all le various systems of mains laying, the feeders and net¬ 
work can of course be run in some places on r no set of polos, or in 


• ** Whore the conditions of the sujiply are such tb.it the pressure may at any t'me exceed 
500 volte if continuous or 250 volts if alternating:, but cannot exceed 8,000 volts, whether 
eontinuous or alternating, tlio 8vij*i>ly shall be doomed a higli pressure supply/’ (Calcutta 
Eiecirio Lighting U^nlatious.) 
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one conduit or trough, and a saving in both labour and materinl is 
effected. Where, howovor, the syslera is alternating with transformers, 
tho high and low pressure conductors should always be kept quite out 
of each other’s way. Before leaving this branch of tho subject, I may 
just mention one or two other systems of carrying conductors under¬ 
ground ; the cables may be lead-sheathed and armoured with steel wires 
and buried direct in the ground; they may be run in stoneware conduits 
(Boulton system) or in iron pipes; or they may be run in pipes filled 
with an insulating oil ns in Johnson and rhilli])s’ system. 

BegvMing gcir .—In a largo central station many dynamos will 
have to be running together in parallel with one another—and with 
the battery whore there is one. The governors on the modern high 
speed engines that do this class of work will regulate to within about 
°/„ under all ordinary changes of load, so ns a rule tho stop valves are 
opened wide, and the regulation is in direct cui-rent inslallalions, 
entirely done by altering the sbniit resistance. This should be such that 
tlio lend can be altered by it from full fo light in gentle steps. When a 
dynamo is to be put on to tho circuit, it is always a good tliing to first 
try that the governor is in proper working order, by running up to 
full speed and then pulling down the rod tlirougli wbieh the goveruiu 
acts on its throttle valve; this should cut ofl the steam at once if overv- 
thing is in order. Before the dynamo is actually swilclicd on, it is 
necissary to see that its E. M. F. on opien circuit, i.r., excited oidy, is 
the same as that of the other dynamos, and of course in tho ease of 
a new dynamo it is necessary also to make sure the pedes are rigid. In 
a central station the best way to do ihi.s is by I'xciting tiie sliuid hack 
from the maius with the brushes u]); this en.snres tho oorrect polarity 
without any testing or altering of leads. While on this point 1 may 
with advantage follow it up a Utile further. 

In starting up a new dynamo in a pvivatri installation it may sorr.o- 
times happen tiuit it will not work, and there may he a uunditr of 
reasons for this. Tho simplest of these is that the hru,slies have not 
been put down, and 1 have heard of a ni.an being setd from one end of 
England to tho other to discover no worse fault than this! But 
assuming that tho connections are all in correct order and tho hruslios 
down, it still does not follow that tho iLachine will excite. In such 
cases, you should first try tho elfect of altering tho position of the 
brushes from vertical to horizontal or tke versa. If that dooe not put 
it right, it generally means that tlie dynamo has not suflicient residual 
magnetism to enable it to build up a fit-id, since that which it 
had when tested by tho manufacturer may have hotu knocked out 
during transit by the jars it has received. Try running up the 
speed above normal as high as you safely can do if; that sometimes 
puts it right. If tho machino is compound-wound, it can almost 
always he made to excite by taking a short length of wire and momen¬ 
tarily short-circiriting tho terminals, since any currerd so gerrorafod 
passes through tho main coils. Failing all other things it lieeomcs 
neccBsary to obtain a low primary cells and separately excite tho shunt 
to a slight extent, and a few blows on tho iron with a heavy piece of 
wood will help tho pi oeess. On one occasion ahout three years ago 1 liad 
to borro wcelis from tl'e nearest Telegraph oiiico for this purpose. 
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Alternators must bo of almost exactly the same design to run in 
parallel, since they must run in exact synchronism ; that is to say, they 
must be in step, so as to arrive at the maximum E.M.P. at the same 
instant, and the shape of their curves of current and E.M.F. must bo 
as rrearly as possible alike. Once properly in step they will keep each 
other si oady, and it is only necessary to divide up the load evenly 
between them at the engines. The regulation of E.M.F. is effected 
in two way 8—either by altering tlie resistance in series with the exciting 
current and thus raising or lowering it, or by varying the resistance 
in series with the shunt coils of the exciter, which thus generates more 
or less ampcTcs. 

Time will not admit of more than a passing reference to the boiler 
house arrangement of central stations. Either Babcock and Wilcox 
water-tube boilers or Lancashire boilers are generally used, the chief 
chaiacteribtic of tho former being quick steaming and of the latter large 
reserve power, (lonsiderablo saving in fuel is effected by the use of 
feed-water healers and eoouoniiseis, and superheating of the steam is 
also resoi tcd to in many stations. Puiniis, blowers and other auxiliary 
machines are generally run by electric motors now, and considerable 
economy thus effected over tho older motiiod of having numerous in¬ 
efficient engines and straggling lines of small steam pipes in every corner. 

A central station sw'itch-board for a large three-wire system with 
batteries looks somewhat complicatetl in front, and still worse among the 
cables behind, but a fairly simyde diagram of the connections can gem ral¬ 
ly bo made, as shown in an example ju.st now (Plates 1,11). Each pair 
of dymimo leads is brought to a fusible cut-out in tho first place, tlie 
current is then taken througli the coil of an automatic cut-out, which also 
acts as a main switch, then through an ampere meter and generally 
an energy meter a.s well, and so (o tho main bus bars; in the 
ease of halaiicing dynamos there is also a change-over switch, so that 
it may be put on either side of the system. The eoustruction of one 



Fig. as, 

reliahlo type of automatic cut-out is shown diagramatically in figure 56. 
A solenoid carries tho whole current, and maguotically holda up an iron 
frame working on a hinge below. After yiassing through the coil the 
cun’ont is led to a terminal A, from which it has to go thruugli a switch 
to got to tho terminal B. If there is not sufficient current to hold up 
tho frame work it falls hy gravity, and a ratchet eatehos the switch and 
breaks tho circuit. If therefore the dynamo E.M.F. for any reason 
falls below that of tho battery, it is prevented from ‘ motoring ’ by the 
automatic cut-out. A H-wire ihauge-ovor switch is shown diagram- 
matioally in figure &7. 
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Leaving tbe dynamo current at the bus bars let us now turn to tire 
battery. From the middle point of this the third wire is taken ofi direct 
to the third wire bus bars on the switch-board, while the regulation is 
entirely effected by manipulating the cells at either end. Taking one 
half battery, a c.'itain number of ‘ regulating cells ’ are numbered off; 
all in fact above the number required to give the standard E.M P. of 
the station—!>., 55 for 110-volt stations. From each regulating cell a 
conductor is taken away to. the switch-board, and there they are con¬ 
nected to the terminals qf a multiple contact switch, and by means of 
a lever or handle any number of colls that may be required can be 
thus connected to the bus bar on that side of the system to which that 
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Fig. 67. 

battery belongs. Each cell adds two volts, and as the drop in volts in 
the feeders increases with the current, so does the switch-board 
attendant compensate for that drop by adding cells, tlms maintaining 
an even pressure in the network. The battery current is measured 
by an ampere meter on each side of the system, and generally also 
passes through a meter which registers the difference between the 
charge and discharge during any given period. Of conrso the battery 
needs charging np every day, and this is usually done in the afternoon 
before the heavy load oomes on, but when at any time the external 
load is suddenly reduced the battery starts being charged. The 
meter takes account of all these charges and enables the engineer to tell 
just how much surplus charge is required; it generally amounts to about 
15 pOT cent, over the previous discharge. 

h'rom the bus bars of tho switch-board the current is taken off to the 
various feeders, generally first passing through a cut-out on each pole 
and an ampke meter. So far I have not mentioned the volt-meters; each 
dynamo has one connected across its main fuses on tho board, so have 
the batteries, and there is also a circuit volt-meter showing the pressure 
on the network, which must be kept up to standard. The wires for this 
are sometimes connected to the net-work whore it passes tho works, 
but the best way is to carry out three small “pilot wires” to a feeding 
point and connect them there to the two sides of the system. 

Imlrumetds .—I shall only say a few words about instruments. 
Volt-meters may be either electrostatic or electro-maguotio, the latter 
having coils of very high resistance, so that the power they waste is 
Very small, while the former of course waste no power at all: or 
they may be constructed on the Cardew principle of measurine the 
quantity by the alteration of length of a wire when heated by a 
current Ampero-mofors, having usually to carry the whole current, 
are of very low resistance, thus reducing tho loss of pressure over 
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them to a minimunii and ooneeqnently the loss of power. Lately shouted 
ampere meters hare been introduced, wherein only a certain definite 
proportion of the total cuiTont passes through the instrument, and also 
hot wire atnpere-moters, noting as describud above for volt-meters. 

For measuring energy there are a number of types of meters; 
some actually integrate the volts and ampere-hours, while others 
measure the ampere-hours actually, but,, presuming the standard 
E.M.K. tor which the meter is calibrated, read in B.O.T. nnits. 
The Aron meter has two pendulums worked by electrically wound 
clockwork and connected to a set of dials through differential gearing. 
Both pendulums carry eloctro-magnets, wound in series with one 
another and in shunt to the circuit, and they swing over two coils, also 
in scries, carrying the main current. The connections are such that 
while one peiidiilniu is accelerated the other is retarded, and the gear 
registers the difference hetwom the two and:records in Board of Trade 
units. Every half minute the direction of the current in the pendu¬ 
lums, and the direction in which the gear is driven, me reversed, thus 
rendering exact synchrony unm cessarj'. It is suitable) both for direct 
and alternating current. In the Ferraiits direct current ampere-hour 
meter the current has to pass through a trough of mercury placed 
between the poles of a magnet, and the • consequent rotation of the 
mercury, which is proportional to the current, is communicated to the 
train of wheels. i 

For measuring alternating currents the Shalleubergcr ampere-hour 
meter is very generally used. In this meter the train of gearing is 
actuated by the rotation of a small disk of metal placed in the com¬ 
bined field produced by two coils mounted in different planes. One 
coil is connected in series with the circuit to be measured, and the other 
is a closed coil in which a current is induced by the former. The two 
fields aio continually varying asynchronously, and the revolution of the 
resultant field causes the disk to rotate, \ anes are fitted as a drag and 
are lognlatcd imtil the meter reads correctly. 

Liglitniriij (/m'stcr.v.—Over-head wires have to he protected by 
lightning aiTestcrs; tlie simplest and probably the host for low tension 
work is shown in the diagram (Fig. 07). Two diverging arms of 
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Fig. 68. 

copper are mounted on insulators, one connected to the ‘line’ 
and the other to ‘earth.’ At the lowest point the arms come 
to witliin about | inch of one another, thus offeri^ a very small 
air-gap and a very easy path for the lightning to bridge. If, hoy^- 
over, the dynamo current follows the spark and tries to sot up 
an aro, the heated air drives the are up the rods until the E. M. F. 
can no longer maintain it over such a distance.. In another well-'" 
known pattern the path of the lightning to earth is through a long 
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pivoted levor arm and a carbon contact to another contact connected 
with earth. If tlio dynamo cun-eut follows this path it has to 
traverse a solenoid, which pulls tho lever away from the earth terminal 
and breaks the arc. Other types will be described later on. 

The shunt resistances that regulate tho dynamos are not placed 
actually on the switch-board, though capable of being worked from the 
same platform. They give off considerable heat, and are therefore 
more conveniently fixed on a wall where they can cause neither damage 
nor discomfort to tho attendants. A switch-board for alternate current 
work is much simplified through the absence of battery arrangements. 
Switches and cut-outs for high-tension currents are of quite 
different construction to those previously described, since an E.M.F. 
of 2,000 volts (say) could maintain an arc between the terminals of low- 
tension gear. Main fuses are generally a foot or more in length, 
one type being contained in glass tubes mounted on an ebonite frame, 
which is put in series with the circuit by moans of two pins or plugs. 
Plugs are also often substituted for switches, tho detaching of a fraine- 
work opening up the circuit simultaneously at two places on caoli pole. 

PotenUumeter .—I shall now leuvo this matter to consider meter- 
testing for a time, first of all discussing some points about the x)oten- 
tiometer. In works tests of all sorts the potentiometer is an iuvalu- 
ablo apparatus, since a number of readings of various quantities of 
widely different magnitude cau bo taken in rapid succession .and 
with great exaotness. The instrument in its presmit form is duo very 
largely to Mr. Crompton, and iu his Company’s works, whoio 1 received 
my practical training, no.arly all the work of the testing rooms is done 
by its uso. Since you have a potentiometer iu yoirr laboratory, it is to 
be presumed tliat you aro familiar with tho method of working it, 
but a few remarks on its principles and possibilities may not be out of 
place (see also Appendix 4). 

If an E.M.F. is ajqdiod to tho ends of a wire in series with a 
galvanometer a delloctiou will take place, hut if another E.M.F. 
exactly equal and opposite to tho first is also applied at the same points, 
then the instrument will go back to zero. In the potentiometer we 
have a wire stretched over a scale with a certain known gradient of 
potential difference along it. If now we havo an unknown E.M.F. 
between two ends of a comluctor with a galvanomtder connected iu 
series, and wo find two points on our oalibratod wire such that tho 
r.D. wlien opposed to tho unknown ono causes no dofleotiim, thou 
those E.M.F’s. are equal. In tho aeliiiil apparatus the stretched wire 
is arranged to havo a P.U. between its ends of ,'„th volt, and each 
of the 1,000 divisions of it have therefore volt drop. There is 

a multii)le -way switch by means of whieh> when oomparing E.M.F’s., 
any required number of extra coils can bo brought into the comparison 
circuit, each ono having also a P.D. of |'„th volt and being in series 
with the stretched wire. The exact gradient of iiotontial is main¬ 
tained by means of ono or two sccoudary cells, adj listed by a resistance 
and compared first with a Clark’s standard cell. 

If the B. M.F. to be measured exceed that over the potentiometer 
coils a “ volt-hox ” must be used. This consists of a specially wound 
resistance coil such that ihe highest E.M.F. to he moasurod can be 



KLECTRICAL ENOINEEKINU. 


79 


connected across its terminals, while other terminals are connected in 
such a way that there is an E.M.F. of i' „th or any other 
submultiple of the total between them. The smaller quantity is 
measured direct, and gives the larger by merely moving the decimal place. 

The measurement of current by potentiometer is an application of 
Ohm’s law, for the current is passed through a known resistance and the 
E.M.F. measured over its ends; if the resistances are decimal fractions 
of an ohm (as they generally are) the measured E.M.F. gives the figure 
of the amperes, and only the decimal point has to be altered. Standard 
resistances are made of !•, T, *01, ’OOl ohms, according to the current 
they have to carry, in order to give in eadi case a fall of potential 
directly measurable. Tiro material they are generally constructed of 
is manganin (copper 84 jiarts, mangauoso 12 parts, nickel 4 parts), 
since its speoifie resistance varies to an extremely small degree with 
alterations of temperatuie. For carrying very large currents they 
are for lightness made in the form of thin tube, a constant current 
of cold water being kept running through and preventing a large rise 
of temperature, despite the higli current density. 

The measurement of resistance liy potentiometer is simply a com¬ 
bination of these last two methods, since, if a measured eurrent is 
passed through the unknown rc.iislanee and the P. D. is also measured, 
the ohms aro at ouco given. Of course in all these measures the accu¬ 
racy of the standards roproRcnt.s the accuracy of the measures, and 
with jioor standards it would be useless to measure to 5 places of 
decimals. I say this advisi dly because it is not unusual for elaborate 
calculations to be made with ajiparalus wliose accuracy is restricted to 
two consequent figures, the result being given to 4 figmes, and an 
averago being afterwards struck tliut brings it up to 5 or C. As a 
rule, nearly all calculations in electrical works aro made on the 
(iravet slide-rule, which will give a result accurate to about 1 in 500. 
It is very seldom that greater accuracy than this is required, and 
1 have worked out most of the examples I have given you in this way. 

To mention some daily use of the potentiometer in a works test- 
room, there will be the following:—Mea.surement of the resistance of 
ninguet coils directly after—or occasionally during—winding; measure¬ 
ment of the E.M.F. and current of dynamos under test, under 
various loads and conditions; measurement of the resistance of the 
armature when cold at the start, and when hot at the finish of the test, 
and the same for the magnots coils; measurement of current for 
calibration of ampere-meters or E.M.F. for voltmeters. Another 
operation for which it is fi>u d of groat value is cell testing during 
a rapid test discharge of a ban,.ry. To go round 55 cells with a 
portable voltmeter takes some time, but to run round them with a 
couple of spiked terminals and see on the galvanometer that ell 
are approximately at the right E.M.t'. is the work of a few moments 
only, provided the man at the instrument end is in good practice end 
has a quick eye. 

Moter-tesling .—In a central station the chief uses of the poten¬ 
tiometer are the checking of instruments and measurements during 
meter tests ; and on the latter subject I may he able to give you some 
useful hints. In testing a meter, current is passed through it for a 
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given time al rates of full load, half load, quarter load, and at very 
small values, while at each load the recorded quantities are compared 
with those actually passed through. Some meters are ‘ direct reading ’ 
in units or in ampere-hours, and should therefore not he passed 
unless they register correctly within a small percentage; others are 
‘ constant’meters, the recorded figures having to be multiplied by a 
constant to give the true value, and in these the maker’s constant must 
be checked and (if necessary) altered. Again, some meters actually 
ntoasure the B.O.T. units by inteOTating the volts and amperes, while 
others measure ampere-hours and have their recording gear arranged to 
read units at the standard pre ssure of any given installation, which must 
bo assumed correct. To make a test tlio gear required consists of a 
battery or other source of power, an arrangement of resistance coils to 
vary and adjust the current, and a means of measuring tlie current and 
the time. I cannot do bettor than give you an actual test from my 
note-hooks, since some of the arrangements were made up on the spot 
with what apparatus rame ready to hand. 

1 will take as my example the test of a 10-ampero Chamberlain and 
Jlookhom direct reading meter (these meters have been considoiably 
altered and improved since the test in question, which was taken at ‘the 
works of the Hove Electric Ijighting Company in 1895). Tlio diagram 
(Fig. 59) shews the general arrangement for the test; 4 secondary cells— 
the top or regulating cells of one of the large batteries—wore used for 
giving the current. As this meter was an ampere-hour meter, 
Calibrated to road B.O.T. units when supplied with current at 110 volts, 
it would have been wasteful to use the whole battery for the 
purpose, since the resistanoe of the cells is very low, and by using a few 
cells only the necessary current could be obtained with very little waste 
of power. Meters which actually u'oasuro the units have a shunt coil 
which needs excitation at the full pressure; such meters when in use in 
a house are therefore always consuming a small amount of power even if 
every light is off, and in installations of one or two lamjis the power 
wasted by the shunt may be more than all that is used by the cou.suraer. 

For measuring the current the poteiitiomel(T was used, and a 
‘standard resistanoe’ was therefore coupled in tho oiicuit, and suppos¬ 
ing this to have been a -|'f,th ohm, a current of 10 amperes would 
give us one volt fall to measure. Several meters M.M. wore in 
the circuit for simultaneous testing; fd regulating the current a 
resistance frame with a G-conlact switch R .2 was available, and you will 
see that a switch Sj was coupled in such a way as to divide the fir’s! 
coil of the resistance into two parts for oonvenienoe. This frame, while 
giving an approximate cm rent, was not sufficient to adjust the value to 
just what wn,s required, so the arrangement marked R, was made up ; 
it is one of many devices by which a fair range of resistance may be 
easily and cheaply obtained. The circuit was broke n and the ends 
were connected to two separate lengths of jilatinoid wire; two screw 
terminals were threaded on each and cross-connected by thick fle«iblo 
wire. If now all 4 terminals are carried up to the far end of the 
platinoid wires they are put in series, whereas if one tormiual is at 
each end of each wire the two arc put in parallel, or, agnin, any part of 
ono wire aloue can bo used; by intermediate arrangements a very 
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exact regulation can be obtained. There was also a main Bxvitch S„ 

and an ampere meter A for rough indications. resistance 

The only other gear is the two-way switdi Ss the res^anw 
R,; this resistance was approximately equal to th^of the “C « > ^ 

the switch would admit of the current being at will toough 

either the meters or the resistance. The reason for having this wm 
that the current could be run through the circuit for » 
when all the parts were at their proper temperature, then, while tne 
meters were hemg read before beginning the test, the 

bv 8 which prevented the regulating resistances fiom cooling aow 
Sd alWg thnurrent. Duringtbo sUter tests «« current was read 
on the Doteutiometer every 5 minutes, in other cases eveiy -4 hour. 

'K tX with ve^y low current the metem move so slowly «iat 
thev have to be left on circuit for hours. It is therefore geueially 
more convenient in such cases to couple them in senes with a lamp on 
rLu eSraBd in the -9 and -Stf ampere tests below this was done 
with a 25-C.-r. and 8-0-1’. lamp respectively. 

The results of the tests arc tabulated below, and I also ajqxmd . 


lluiation 
of (tfifh 

test. 


_--- lOrmiUll ..|»n uhlt.. lol.sl .v..sl»nl! 

At «1art.. A1 finibh. iinils. n tMiuitts __ |_ ( 


curve (Fig. t>9) showing 


the Te8ult^ graphically. It will bo .seen that the 



r ow- 

result sas excellent, and that the registration was very nearly coiTCct 
except under very small load indeed, where slight inaccuracy costs 

very little to the losing party. , , , e j i 

A test of some meters including tho above type may bo made by a 
much simpler method than the one just described, though 1 am 
inclined to think it would not generally be accepted as so conclusive by 
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the consumer. The train of wheels is aotuated by a worm originrily, 
and of course the higher the current the quicker the revolutions" 
Count a number of revolutions so as to get a very exact determi' 
nation in seconds of the period of one turn, and multiply this by the 
current; the product divided by a ooriaiu constant should be unity if 
the meter is direct-reading, and therefore gives the deviation from 
direct reading. The constant was 6'67 for the type of meter whose tost 
I have just given you. As an example, with a current of 9"80 amperes 
the period of one revolution was found to be ‘68 second, and 
gives unity for the meter at full load, this being the maker’s constant. 

To teat a meter without removing it from the consumer’s promises, 
the most convenient method is to connect in scries with it a standard 
tested meter—say an Aron meter—and a recording voltmeter to get the 
avers^o pressure of tho supply. The chocking meters must be placed 
on tho main side of tho motor under test, so that tho consumer does not 
pay for the Cj E losses in them. 

1 described a simple series parallel resistance just lately, and now give 
you a diagram of a more eomproliensivo one which was in use iu tho tost- 
rooiu of the works I was iu. If you study tho diagram you will soon 
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di.scovor its principle, but on tho board itself many signs ol short circuits 
and unintentional arcs bear witness to tho fact that a diagram is simpler 
to understand than a board with innumerable ‘ hack connections.’ 

Cai.cutta Puiti.ic SurrLV. 

My dosoription of tho central station and other works of tho 
Calcutta Electric Supply Oompauy must necessarily be a brief one, but 
some of the chief points have already been dealt with. The station 
is placed _ in Emambagh Lane and is thus fairly central, tho area of 
supply being bounded by Circular Eoad, Chowringheo, and tho river. 
The plant erected consists of the following—three 800 II.-P. Babcock 
and Wiloox water-tube boilers, with superheaters, economiser, and 
Babcock and Wilcox feed-water heater; two Willans-Orompton con¬ 
tinuous current corabinod sets, with an output of 2.')0 ampere at 460 
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Toltsaniia speed of 450 revolutions; and two ‘balancingsets’ both 
consisting of a Willans engine driving two dynamos, each of which 
has an output of 85 amperes, 220 volts at 470 revolutions. This 
plant is therefore capable of maintaining about 7,500 16-O.P. 220-volt 
lamps alight simultaneously, and foundations are already laid for two 
more combined sets of far greater size. A battery of 248 cells is 
installed, each having 13 plates of Tudor make and the capacity being 
about 400 ampere-hours. There is a motor-gonerator for charging 
the top or regulating cells of this battery. 

From the stations feeders are taken away to the feeding points of 
the system, which are eleven in number; two in Cornwallis Street, 
three in Chitpur Road, one in Theatre Road, one in Park Street, one 
near Government House, two in Ilharamtalla and one near the Royal 
Exchange. All the feeders start underground on the Callendar 
system already described, some being converted into overhead after 
running some distance below ground. The distributing network 
runs through nearly every important street in the town, partly 
overhead and partly underground, and will of course be taken 
wherever consumers need it. Where an underground lino terminates 
and continues overhead a special form of pole is put in, having a 
massive hollow cast-iron base in which the connections can be made. 
The conductors are carried up the poles on special insulators and taken 
out at the upper end to the overhead line, the top of the pole 
being hooded. Junctions in the Cullcmdar mains are made in special 
junction boxes, which are afterwards filled in with bitumen or com¬ 
pound. House services are taken off both varieties of network, either 
through the wall below ground level from underground mains, or to a 
pair of insulators on the wall for overhead mains. 

The meters uted in houses are variously of Aron, Chamberlain 
and Hookham, and Ferranti t^pe. Separate meters measure the 
power supplied for lighting and power purposes respectively, since 
there ore two rates of charging, viz., 8 annas a unit in the former case 
and 4 annas in the latter. The lower rate for power is in conse¬ 
quence of the fact that a motor (driving, say, a fan, or a machino 
of any sort) will often run steadily for a large number of hours per 
day, and will therefore im|irove the “ load factor ” of the station. 
And, again, the motor load will not generally be at a maximum at the 
same time as the lights, and the actual output of the machinery is 
thereby increased without necessitating any increase of plant. 

Legislation AFVEcnso Consumers. 

The Company has the right to supply current within its area for all 
purposes by virtue of the “ Calcutta Electric Lighting License, 1896,” 
granted by the Government of Bengal under the powers of the 
“Calcutta Electric Lighting Act” (IX of 1895). The License, the 
Act, and the Regulations issued under the Act, together with the 
Government of India Act (XIII of 1887) and its regulations should bo 
read in this connection, and I will draw your attention to a few points 
about them which particularly concern consumers in Calcutta. 

CalcuKa Ekctrie Liglithiij Beguhlmii.—Thi Calcutta regulations 
are taken almost nrbaUm from those of tho English Board of Trade 
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tliey are divided into two parts—^first those for securing the safety 
of the public (A.), and second those for ensuring a proper and sufScieut 
suppW of electrical energy (B). We will take these two parts in order. 

[jnder rule (1), the pressure of the supply delivered to any 
consumer at any pair of terminals may not exceed 250 volts, so 
large installations which take a throe-wire supply olf the mains of the 
Calcutta Company (whose outer pressure is 450 volts) have to be wired 
with separate and distinct circuits in the house, without a common 
third wire. 

Rule (14) specifies that lines exposed in such a position as to be 
liable to injury by lighting shall be efficiently protected, and this 
rule applies to most of the linos in Calcutta. 

Under rule (19) an aerial lino may not come within 5 feet horizon¬ 
tally or 7 feel vertically of any building, except where brought in for 
the purpose of supply. And the latter or service-lines must, under the 
following rule, “be led as directly as possible to insulators firmly 
attached to some portion of the consumer’s promises which is not 
accessible to any person without the use of a ladder .... Every 
portion of any service lino which is outside a building, but is within 
7 feet from the building, shall be completely enclosed in stout India- 
rubber tubing.” As to the wisdom of the latter halt of this rule there 
is grave doubt, so far as Bengal is conoerued. I consider that it is far 
wiser to have no pretence of insulation ou such lines, since the rubber 
tubing will assuredly perish within a year or so of its erection, and thus 
offer a false security. At present, however, the rule holds good. 

Under rulo (158) the undertakers are bound to place a “ fuse 
or other automatic disconnector ” in each service line where it enters 
the consumer’s promises, aud it is to be “contained within a suitable 
locked or sealed rocoptaele of fireproof construction.” 

Under rulo (41) a connection may not be made to a consumer’s 
promises where tlio insulation resistance is so low that a leakage of one 
ten-thousandth part of the maximum current may take place, and if 
such a leakage occurs in a house already connected, it must bo dis¬ 
connected until the fault is rectified. 

Of the B regulations for socuriug a proper supply, rulo (2) provides 
that the supply must be constant from the time it is first given, except 
for testing purposes by airaugement with the proper authorities. 
In the latter case the stoppage may not under rule (-I) exceed a 
maximum power of 20,000 watts, or affect more than 80 consumers at 
one time, and if its dimation will exceed one hour, previous notice must 
bo given to all consumers affected. 

Under rule (4) the undertakers must supply at a constant “standard 
pressure” in any given distributing main, but a certain amount of 
deviation is allowable, namely, 2 per cent, in high pressure distribution 
and 3 per cent, in other cases. The “ standard pressure ” in Calcutta 
is 225 volts, so n 3 por cent, variation allows nearly 7 volts deviation 
on either side, from 218 to 232 volts in the mains. 

Under rules (6) and (7) the undertakers must declare to any consumer, 
before oonneoting his premises ou to the mains, at what constant pressure 
they intend to supply him at his terminals, and the variation from this 
declared pressure may not under any circumstances—except, of course, 
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unavoidable aoeidout—esoood 4 per cent. The doolavod preftiui'o boro 
is 225 volts. 

CakuUa Electric Lighting License :—So muob for the regulations; 
let us now turn to the Calcutta Elcotrio Lighting License, under the 
terms of which the Company hero actually work, and consider such 
regulations as aro of importance to the public. 

Section 5 and schedule 1 define the area of supply, beyond which 
the undertakers may not erect works or supply energy. The area is 
bounded in two directions by streets having houses on both sides of 
them, but the houses on the outer side may not bo supplied “ other¬ 
wise than under a license ” (sootion 0), being outside the area. 

Section!), sub-seetiou (e), states tiiat “ the undertakers shall take 
all reasonable preoaufious in constructiug, placing and maintaining 
their electric lines and circuits aud other works of all descriptions, 
and also in working their undertaking so as nut injuriously to aifoot, 
by fusion, or electrolytic action, any gas- or water-pipes or other 
metallic pipes, struotmes, or substances.” This has especial roferonoo 
to the conditions of olcctrio tramway working, where an “ uninsulated 
metallic return of low rosistanou ” is generally used; where, that is to 
say, the leads are aurial linos and tlio returns consist of a conductor in 
the ground connected at short intervals to all the rails, which aro them- 
selves electrically ‘bonded’ together. The return therefore partially 
makes use of the eaith also; if carelessly laid or designed, there may be 
largo diilcroucos of potential between diU'erout jioiuts of it aud tb' 
neighbouring jiipos systems; corrosion then sots it and works havoc in 
the course of a few years. To guard against this, special regulations 
aro generally drawn up binding Iramway authoritie.s to keep down their 
leakage and full of potential in return wires to reasonable limits, aud 
the following sub-section 0 (d) jirovidos for regulations being made 
with this object, and also for the protection of “ the electric wires, lines, 
and apparatus of other parties.” 

Section 17 aud the corresponding sehodulo compel the undertakers 
to “lay down suitable .and sullieicut di.stribilling mains for the pur¬ 
poses of general supply throughout ” certain streets within a certain 
period (now expired). The following section. No. 18, is of consider¬ 
able importance to the public, since it specifics that “ In addition to 
the mains specified in the last preceding section, the undertakers shall 
. . . . lay down suitable and sufficient distributing mains, for the 
purposes of general supply, tliroughout every other street or part of 
a street within the area of sujiply, upon being roijuired to do so,” 
under a certain form of requisition. 

Sootion 20 provides that the undertakers must keep those forms of 
requisition at their office, and supply thorn, free of charge, to any owner 
or oooupier within the area. Such a requisition may bo made by six 
or more owners or occupiers, and the undertakers are bound to comply 
with the request, except as specified iu sootion 21, which 1 give m extemo. 

“ When any such requisition is made by any such owners or oooupiers 
Provisions on rotjoisi- aforesaid, tho undertakers (if they think fit) 
lion by owners or oocu- may, within fourtoon days after tho sorvieo of 
tho requisition upon them, servo a notice on all 
tho persons by whom such requisition is signed, stating that they decline 
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to bo bound by such requisition, unless such persons, or some of them, 
will bind tbemselves to take a Bup[ily of energy for three years, oE 
such amount in the aggregate (to be speoified by the undertakers in 
such notice) as will, at the rates of charge for the time being charged 
by the undertakers for a supply of energy from distributing mains to 
ordinary consumers within tho area of supply, produce, annually, such 
reasonable sum as shall be spooiiied by the undertakers in such 
notice: Provided that in such notice the undertakers shall not bo 
required to specify any sum amounting to less than twenty per 
centum upon the expense of providing, and laying down, the required 
distributing mains, and any other mains or additions to existing mains 
wliioh may be necessary for tho purjiose of connecting such distribut¬ 
ing mains with tlio nearest available source of supply. 

“ Whore such notice is served, tho roquibition shall not bo binding 
on the undertakers, unless within fourteen days after the serviciS of 
suoL notice on all tho ]ierbons signing tho ro(piisitiou has been effected, 
or, in the case of dilterouco, tho delivory of the arbitrator’s award, 
there bo toudored to the undertakers an agreoment severally executed 
by such poMons, or some of them, binding them to take, for a i^criod 
oi' three years at tho least, sueli specified amounts of onergy, ro8]>ec- 
tively, as wilt, in the aggregate', at tho rates of charge ahovo spordiied, 
jeroduce an animal sum amounting to not less tlian twenty per centuiu 
upon tho expense of providing and laying down such distributing mains, 
or other mains as above montionod, nor uiiloss suffidemt security for tbo 
payment to the uudortakors of all moneys wliich may become duo to them 
iiorasueh jeersous under such agreemenf, is olfercd to the undertakers (if 
required by them by such notieo, as aforesaid) within tho period limited 
tor fho tender of the agreement as aforesaid. 

“ If any ditteronce arises between the undertakers and any jiersous 
signing any such requisition ns to tho rc'.aeonablencsa of tho amount 
specified by the uudertakors in Ihc'ir not me or as to tlm suflieioncy of 
any security offered to them uuder tho section, such dillereneo shall be 
determined by arbitration,” 

Sections -10 and 41 do.'il witli “ supply,” and as those also are of 


importanco to tho public, I give them as they st.and :— 

‘‘The undertakers shall, upon being reeprirod to do so by fho owners 

or occupier of any promises situalo 
iiiiili;iUiki.T.s to omiiiii sciiTuioiii su|ii)iy within fifty yards from any distri- 

ol ciiciiry 1.0 owijci\s aiul occuinors witliiu i i* • p i /t • 

till) area of supply. butiDg maiu 01 tuo Undertakers m 

which they arc, for the lime being, 
required to maintain a supply of energy for tho purposes of general 
supply to private consumers imdor this license, or any regulations and 
conditions subject to which they are authorized to supply energy under 
this license, give, and continue to give, a supply of energy for such 
premises, in accordance with tho provisions of this license, .and of all 
sucih regulations and conditions as aforesaid, and they shall furnish, 
and lay, any oleotrio linos that may bo necessary for the puriioso of 
supplying tho maximum power with which any suoli owner or occupier 
may be entitled to bo supplied under this liconoo, subject to the condi¬ 
tions following (that is to say), the cost of so much of any eloctrio 
line for tho supply of onergy to any owner or occupier ns may bo laid 
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upon the property of such owner or in the possession of such oooupier, 
and of so much of any such electric linos as may be laid for a greater 
distance than sixty feet from any distributing main of the undertakers, 
although not on such property, shall be defrayed by such owner or 
occupier.” 

Section kl -—“ Every owner or oooupier of promises requiring a 
supply of energy shall— 

(n) servo a notice upon the undertakers, specifying the premises 
in respect of which such supply is required, and the maxi¬ 
mum power required to bo supplied, and the day (not being 
an earlier day th.m a reasonable time after the date of the 
service of such notice) upon which such supply is xequiiod 
to commence; and 

(fc) enter into a written contract with the undertakers (if required 
by them so to do), to continue to receive, and pay for, 
a supply of energy for a period of at least throe years, 
of such an amount timt tlio rent payable for the same 
at the rate of charge for the time being charged by the 
imdertakcrs for a supply of energy to ordinary consumers 
within the area of supply, shall not be lo^s than twenty 
rupees per centum per annum on the outlay incurred by the 
undertakers in providing any electric lines required to be 
provided by them for the purpose of such supply, and give 
to the undertakers (if required by them so to do) security 
for the payment to them of all moneys which may, from 
time to time, become due to them by such owner or occupier 
in respect of any electric lines to bo furnished by the under¬ 
takers, and in respect of energy to bo supplied by them: 

“ Provided, always, that the undertakers may, after they have given 
a supply of energy for any premises, by notice in writing require the 
owner or occupier of such premises, within seven days afier the date of 
the service of such notice, to give to them security for the payment of 
all moneys which may, from time to time, become duo to them in respect 
of such supply, in case such owner or occupier has not already given 
such security, or in case any security given has become invalid, or is 
insufiBoient; and in ease any such owner or occupier fail to comply with 
the terms of such notice, the undertakers, may, if they think fit, discon¬ 
tinue to supply energy ior such premises so long as sucli failure 
continues: 

“ Provided, also, that if the owner or occupier of any such premises, 
ns aforesaid, uses any form of lamp or burner, or uses the energy supplied 
to him by the undertakers for any purposes or deals with it in any 
manner so as to unduly or improperly interfere with the efficient supply 
of energy to any other body or person by the undertakers, the under¬ 
takers may, if they think fit, discontinue to supply energy to such 
premises so long as such user continues: 

“ Provided, also, that the rmdertakers shall not be compelled to give 
a supply of energy to any premises unless they are reasonably satis¬ 
fied that the electric lines, fittings and works therein are in good 
order and condition, and not calculated to affect, injuriously, the use of 
energy by the undertakers or hy other persons: 
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“ I’rovided, also, that in tho event of any alterations of, or additions 
to, any oleotrio linos, fittings, or works within such premises, as 
aforesaid, all such alterations or additions shall be notified to the 
undertakers by fho occupiers, before being connected to the source of 
supply, with a view to their bcutig examined and tested. 

“If any dilfereuco arises between any such owner or occupier and 
tlio undertakers as to tho roasouahlencss of the amount of any security 
required to be given, or as to the sutlicioncy of any security offered 
under this section, or as to the improi)er use of energy, or as to any 
alleged defect in any lines, fittings or works, such difl'eronco shall bo 
determined by arbitration.’’ 

Tlie consumer may not alter his maximum power, fixed under the 
sub-section 41 ('.) above, without duo notice to tho undertakers, tinder 
section 42, which also deflucs tho phrase “maximum power” and 
providoa for tho settlement of disputes with regard to it. 

With regard to price, section 45 gives ttu’ce alternative methods 
of charging— 

(1) “By tlie actual amount of energy so supplied,” i.e., the 

number of watt-hours os measured by an integrat¬ 
ing mtitcr. Under section 1 of tho fourth Schodule, 
the undertakers may charge tho consumer at tho fol¬ 
lowing rates per quarter, “for ony quantity up to 
twenty units. Us. 20 only, and for each unit over 
20 units, aiinas twelve only (a unit is one thousand 
volt ampere-hours, or ouo thousand watt hours). 

(2) Till' second method i.s “ by the electrical amount contained 

ill such siqiply.” Tho rato of charging is the same as 
above, tlio quantity of energy “being taken to be 
tho product of sudi electrical quantity and the standard 
jircssuro at tho point of junction of the distributing 
mains and tho service lines by whiih ho is supplied ” 
(Schedule IV, section 2). The “electrical quantity” 
is measured in ampere-hours, and this is actually the 
method in most general use hero. 

(5) The third mol hod is “by the number of hours during which 
the sii])ply of energy is actually used by such consumer 
and the maximum power with which ho is, for the 
time being, entitled to bo supplied.” The quantity of 
energy, whicli is chargeable at the same rates as above, 
is in this case “ calculated on tho supposition that the 
consumer uses the maximum power specified by him 
under the provisions of this license during all the hours 
that he has used tlie supply” (Schedule 4, section 5). 
It is seldom that it would j>ay a consumer, except 
for street lighting purposes, to be cliargod on the last 
method, and he may demand to bo charged by the 
actual quantity of energy, if he chooses. 

Under section 51 tho undertakers, or any consumer, may demand to 
have a motor cortifiod upon paying the necessary fees; a certified meter 
is “to ho of some cons!ruction and pattern, and to have been fixed, 
and to liuvc been connoclcd with tho service linos, in some maaicr 
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approved of by tbo Local Government, and to bo a correct meter.” 
The only typo of meter definitely approved of by tbe English Board 
of Trade is, I believe, the Aron meter, but there are many other 
types that read fairly correctly and are not of such delicate construc¬ 
tion, and the latter are in very general use. The consumer is liable, 
under section u2, cither to pay for the meter or to pay for hiring it, 
and he also has to pay the cost of fixing it, connecting it to the service 
lines, and procuring it to bo certified. Hence ho almost invariably 
elects to have an uncertified one! 

Section 53 makes the consumer liable to a penally if he connects or 
disconnects his meter without 48 hours’ notice to the undertakers. 

If the consumer owns his meter he must, under section 54, keep it 
in repair, or the undeitakers may cease to Bigiply energy through it. 
In such cases the undertakers may tost the meter at any time, and if it 
proves incorrect the consumer has to bear the cost, white if correct, the 
undertakers bear it. 

When a motor is let for hire by the undertakers they may make a 
mutual agreement with the consumer as to the terms for hire and keep¬ 
ing in repair under section 55; if they make no such agreement they 
must keep it in repair at their own expense, or the consumer cau, in 
default, refuse to pay rent while it is out of reimir (seetiou 56). 

Billerences as to the eorreelness of the meter are to bo settled 
by the clettrio iuspector, or by tlic Lo<'al Government, under 
section 57. 

If the undertakers change the metln d of charging for energy, any 
consumer affected by the change can obtain from the undertakers “ the 
reasonable cxj'cnscs to which he may bo put in providing a new muter” 
under section 58. 

Under section 50 the undertakers may place other meters or instru¬ 
ment s on a consumer’s premises “for the purpose of asoirtaiuing or 
regulating either the amount of energy supjdied to such consumer or tlio 
number of hours during which sueli su]i]'ly is given, or llie maxi¬ 
mum amount of such supply or any (ither quantity, or tinu', coimret( d 
therewith,” but tbe approval of Government is neees.sary, and the whole 
cost has to be borne by tbe undertakers, including the cost of the energy 
wasted in the instruments. It is not unusual iu the case of dispute's 
lo connect u]) a recording nmj'ei’e meter, or voltmeter, or both, as n 
check npon the correctness or otherwise of the amount of energy sui)plied 
or tho terminal pressure. 

AVheru the undertakers let out a meter, or lay distributing mains 
under a requisition, or are otherwise entitled under the license to obtain 
security, “ such security may be by way of deposit, or otherwise, and 
of such amount as he and tbe undertakers agree on, or, as in dofault of 
agreement, may bo determined, on the application of cither party, by a 
Court of competent jurisdiction, which may also order by which of the 
parties the costs of flu; proceedings shall be paid, and tho decision of the 
said Court sliall be final and binding on all parties; Provided that 
where any such security is given by way of deposit, tho undertakers 
shall pay iiilorost at tbe rale of fivo ru]'ees per centum per annum on 
every sum of ten rupees so deposited foi' ever}' six months during which 
the sum remains in llieir bands ” (Section 6(i). 



LECTURE VI. 

Darjeei.ino MuNKir.vL EtmitK: Siiri'i.v. 

A DESCRIPTION of tJio DttrJo(:liDg mstallaUou cannot fail to bo of 
some intcreBt to you, since it is worked by water- power, and will 
probably bo tbo fortrnnner of other situilar undertakings. It was my 
good fortune to be in charge of the construction of these works three 
years ago, and it was recently my misfortune to see the havoo wrought 
by the cyclone on some parts of it, tliough T am bound to say that, on the 
whole, the damage was far loss than might have been reasonably expect¬ 
ed, and the plant was worked again within seven weeks 1 shall give 
you a general description of the scheme which 1 wrote at the time 
for publination, interspersing some notes hero and there. The diagram 
(I’late 3) shows the general plan of the works. 

The undertaking, which is owned by the Municipality, is worked on 
the alternating current system, the gener,ating station being some 2| 
miles from the town and about S/iOO feet below it. 

llydranlie woHs. —“ Water is collected from two jhorag or hill- 
streams, and led in galvanised iron troughing to a largo reservoir 
situalo midway between tbo two sources of supply, but before entering 
this reservoir the water flows through two small settling tanks. From 
the reservoir the water is carried in cast-iron pipes to the pbntrough, 
a small (auk on the same level and of the same depth as the reservoir. 
From tlu' penlrough it is taken to the turbine house by two steel 
jiipes, which connect \ip to two Girard turbines, tbo tail race running 
tbrniigli an arch in the wall, and thence disebarging into the j'liiirim, 
which meet at this point. The streams from which the sup])ly is drawn 
are named the ‘ Kotwali ’ and ‘ i los]iifal ’ jhorm. Tbo former is a fairly 
manageable stieam, giving about 100 oubic feet per minute at the 
driest part of the year, wbieb is in March. In the rainy season the 
quantity is from five to ten times this amount; but as the bod of the 
stream is fairly level at the poiut where it is tapped, there is seldom a 
high enough veioeity to endanger the head-works.” (Nevertheless, the 
cyclone of last September caused such a rush of water that the bed of 
the stream was scooped out to a depth of some 20 feet below the head- 
works, rendering the old site useless!) 

“ At this point the rocks on the bank were blasted away until a 
small tank was formed, into the top end of which all or part of the 
stream could be turned. It oould then be either led into the drain or 
discharged back into the stream, the exits being regulated by sluices. 
Tlio drain is open and square, 1' 8* x I’ 3", made of galvanised iron, and 
cross-stayed every 3 feet. The gradient of the TO.ad is inches in 10 
feet, or 1 in 80, which gives a sufficient velocity to carry more than the 
whole of the water required for the turbines when working at full load. 
This drain road is 1,500 feet long, the first 800 feet being cut in the side 
of a gently sloping spur, consisting chiefly of soft soil. The heavy 
rains during the coustruenon of this part often washed 20 feet or 30 
feet of the road completely away, and in such eases revetment walls 
Were built, and surface drains made to carry off the water. The drain 
next crosses a very small stream at tbo poiut where it falls over a 
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cliff about 60 feet Jeep, and the cliff continues for about lOO feet as a 
vertical precipice above and below the road level. It was at first 
intended to run tlie drains on brachets hero, but finally a shelf was 
blasted out of tlie face of the rock, giving a clear road of about 3 feot 
in width. From this point onwards the construction was easier, and 
just before entering the settling tank there is a bye-pass in the drain, 
through which loavos and rubbish can be run off before the supply 
is used. This settling tank is 20' x 8' x 8' deop. It is merely for 
the purpose of collecting the largo stones and sand which come down 
from the stream at flood-time. 

“ The llospitol jhora was much more troublesome than the smaller 
stream. In a dry season tlie rpiantity of water may go down as low as 
150 cubic feet a minute, but in the rains it is subject to the most 
sudden and violent floods: when these occur the volume of wafer will 
increase 30- or 40-fold in a few minutes, carrying enormous rocks down 
with it, and continually changing the strc.am’s course where the bod is 
wide. At the point where the water is taken off for use the stream 
has a steep gradient and a somi-ciroular course, leaving a fairly largo 
area of lock and sand high and dry, supported all round by rocks huge 
enough to ousure pennanoncy. It was found useless to attempt 
tapping this stream in the same mamior as the Kotwali Jhorn, so 
a small diversion of the stream was made and tin water so diverted 
was led into a small but very strong stone tank about 3 feit deep, from 
which it could, ns before, be directed cither into the drain or back into 
the jhora. In heai'y floods the water of this stream cames so much 
sand with it that it is not possible to prevent the drain occa¬ 
sionally getting blocked, and the settling tank will get full up with 
sand and stones in a few hours.’’ (These head-works and their site 
and a considerable length of the adjoining drain road were ontiroly 
demolished in tho cyclone despite their as.surod permanency 1) 

“ The course of this drain road is mostly along tho face of cliffs 
or very steep slopes on the hillfti<lo. Tho gradicut is tho same as that 
of the other road—that is about 1 in 80. 8cvcn or eight small streams 
are crossed by dry stone bridges, and in each ease a short drain is laid, 
by which these streams can bo lod into the raaiTi drain. In caso of a 
breakdown at the head-works, or in enso tho water is very full of sand 
after heavy rains, those small streams arc able to supjily tho whole needs 
of the plant. About a quarter of this road is cut and blasted out of 
tho solid rock, and of the rcimaiuder nearly half is supported on revet¬ 
ment walls of dry stone. Several of the larger revetments arc about 
15 feet high, as the steepness of tho hank renders it nceessary to cut 
far down in order to get room for tho foundations. Five or six enor¬ 
mous boulders, which happened to lie across tho line, bad to bo blown 
up with dynamite, and in parts tlie hillside slopes down at an angle of 
85°, but this being eovered with jungle is prevented from slip¬ 
ping frequently. The drain is r 6" X 1'3" roetangular, made similar 
to tho other one, tho arrangements of t'ue sol.tliug tank and bye-pass 
being also the same as those of the smaller y'/ioro. Its total length 
is 30,00 feet. 

“ Tho large reservoir is 112'x 47'x 8' deep, built of stone, with a 
slope of 1 foot on the inside of the walls. The eoiicrote bottom is 



ELKCntlCAL ENtilNUERINO. 


93 


doped from all sides towards the outlet to facilitate (!leanin{r out. A 
wide overflow weir is made at 8 feet dejith, hut this cau be closed to 
pivo an extra I foot of storage depth if required. The ground on which 
the tank is built bad a slope originally of 1 in 5, and tlio excavations 
went down about 19' at the top end. The ground consisted of 
earth and boulders with a little continuous rock, all very firm and re¬ 
liable as a site. 

“A 24" cast-iron outlet pipe is let through the wall, so that its 
(Hmtro is level with the bottom of the tank, and a pocket 0'x 4'x 2' 
deep is made in the tauk at this point to piov(3nt the possibility of 
stones being drawn into the pi|'0. A Stone’s improved sluice valve is 
fitted to this exit, but this is only used when the pentrough requires 
cleaning. The pi]>e runs dead level to the pentrough, a distance of 
some 400 feet. The pipes arc in 12 feet lengths, and wn'gh tons 
each, the joints being made with oiled gasket and lead strips caulked 
ill cold. 

“ The pentrough is a small tank, 20' x 4' x 10' deep, the top being 
level with the top of the reftu'voir wall, Owing to the nature of the 
hill it bad to bo built witli only the foundations below groimd level. 
The walls consequently are very thick, and after completion an embank¬ 
ment of rammed earth and stones was built round it. A very strong 
galvanised loeket-woik strainer of A" mc^h is jilaocd across this tank 
to guard the turbines, and the tank itself is covered in. From tliis 
point two 15" ]>ipes are run down to tho turbine house. These aro 
built in 20 foot soetions, of steel double rivetted, with stamjied steel 
flanges rivelted on, and join's aro niado by bolting tho flanges together 
on to a ]mro ndibor washer thick, with fourteen bolts. Each 
jiijte is controlled at the jicmtrongli by a Stone’s imj)rovod sluice valve. 

“Tho total b'ngth of tho pipe road is about 72(3 feet; in plan there 
aro two bonds, one of 28^ about two-thirds of tho way down, and 
one of DO" at the tnrbino house, while in vertical section the slope 
of the pij:e lim^ is fairly even. Tho hends aro of cast-iron, tested to 
250lbs., and tho flanges of the steel j»ipo.s are alleicd at those points 
to take ton |" bolts. The ground is very uneven, and at different 
points there are cuttings ti]) to 12 feet deep in very rocky ground, and 
emkankments up to nearly 20. The .slight deviations from uniform 
slope are taken up by means of wedge-shaped iron flanges placed at 
the joints. No special jwovision is made for expansion in these pipe 
lines ; they are covered up from tho direct rays of the sun, and water 
i.s kept iu them always, so tho amount is negligible. Tlie [u’pes are 
anchored down to the ground by long bolts at various points.” (All 
tbepipe-works and tanks remained undamaged by tlie storm.) 

MaMnenj .—“We now arrive at the turbine house. This is a pw'ha 
stone building, 20' x 20', with an iron roof. The site, though eonvenieut, 
was unfortunately very sandy, soft and wot, so a foot of Fortlaud 
cement conerote liad to be used as a foundation under the whole 
building.” (This exira foundation probably saved the building from 
total destruction, sinoo the whole of tho machinery was found oomjdelely 
buried in mud after tho storm, though only one wall gave way.) “ Two 
8 'X 4" girders aro built in, on winch halt-ton chain blocks arc bung 
for lifting parts of the machinery, if necessary. Tho two turbine sets 
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are plaeel with tlioir main shafts parallel, ouJ are holted down to a 
stone-work foundation feet deep. The supply pipes are led in 
through doors, so that all parts of them are easily accessible. The 
tail-races are in one straight line, with a pit 4' 9" deep under the 
exhaust of each turbine. After going through the wall, the water 
is carried in a stone-built drain for about 10', and then in a trough of 
galvanised iron, which carries the water clear into the jhora thereby 
preventing any danger of causing landslips. 

“ Each turbine is rated to give 100 H.-P. using 250 cubic feet of water 
per minute, under an effective head of 275', the actual head being 277' 
irom the bottom of the pentrough. The turbines are fitted with a 
hydraulic governor, which acts on the sluice valve controlling the 
oritioes. Those are four in number, and are spaced so that if all are 
open they act on four separate vanes of the turbine ; at half load only 
two will be open, and at quarter load only one, but as they act inde¬ 
pendently, the ellicioney is the same at all loads. This is an important 
matter in a small station, where the hours of running are long and tho 
load factor is low. A small hand-lever on tho governor sullices to start 
or stop the turbine, which obviates the necessity of shutting the largo 
sluice valve on tho main pipe. Sjuing safety relief valv(fs are placed on 
the main, just outside tho turbine hou«o, set to blow off easily in ease tho 
sluice is suddenly closed, the pressure (luo to the head being 120 Ihs. to 
the square inch. Turning now to tho electrical, arrungnmonts, each 
dynamo shaft is direct coupled to its turbine shaft, and the two machines 
are in each case mount,ed on one cast-iron beil-jilate; tho whole making 
a very compact piece of plant, weighing about 15 tons and about 11' x 
4' X 4'. The dynamos arc 05 k-w Cromiiton-Bruutou allcrnator.s, tho 
output being 28 amperes at 2,o20 volts. Tho exciter armaturo is keyed 
direct on to tho alternator shaft, and it has an output of 15 amperes 
at 35 volts. Itcgulaling resistances are jihiced as usual in the main 
and shimt eoils, with multi-contact switches. 'The switch-board has a 
panel for each dynamo, each containing a donbh' polo cut-out, double pole 
switch, ampere motor and transformer voltmeter. A lightning discharger 
is placed imsidc tho house, ])roteoting tho top wire of the lino. T’ho 
remaining details of tho turbine house are a cupboard of spare parts, 
spanner board, and a table, which fill up nearly tho whole available 
sjiace. It is lit by 35 volt larajis olf tho exciter. 

ilaiiis ,—“The high tension loads are taken from tho switch-board to 
a pole outside, where they are connected to the main line. This consists 
of bare hard-drawn No. 7 copper-wire, run on two-part oil insulators 
fitted to single tubular brackets, placed a foot apart on tho pdes to 
prevent any chance of tho wires swinging together in a wind. The 
poles are of tho Indian Telegraph Itepartinent, A.B.C. pattern, 
23' 0" high, and stayed at all angles Wuits double polo lightning- 
arresters are placed every half mile on tho lino, tho earth terminal being 
connected to a steel wire, which is run along the extreme top of tho 
poles and soldered to thorn. Tho higli tension lino takes a fairly direct 
course of about 2J miles to Darjeeling, rising some 3,500 feet on tho 
way. The S{)au8 vary from 150 feet to about 400 feet wher(' a largo 
stream is crossed. In tho station the bare wire is replaced by high ten¬ 
sion oablo, insulated and suspended according to B.O.T. rules. The 
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Bnsj)endiug wire is galvanised steel, and porcelain suspenders ore used. 

“The main hranchos off to throe distributing points, at each of 
which there is a small galvanised iron shed containing tlio transformer 
and the circuit switch-board. The transformors are of the Crompton- 
Brunton type, twoieiiig 20 k-w and the other 15 k-w. The pressure of 
distribution is 230’T 1‘ilot lamps are placed in the sheds and lighting- 
arresters are coupled over the secondaries of the transformers. 

“The street-lighting distribution is carried out also with bare wire on 
A. 13. polos and ordinary insulators. There are 200 1G-C,-P. lamps in 
waterproof fittings on galvanised brackets, spaced about every 200' in 
the main thoroughfares.” 

The street lamps are carried on tubular brackets clamped on to the 
poles. The tubes project some distance iuto the pole and thus prevent 
water golting on to the conductors. The leading in wires are, of 
course, insulated, and they run up inside the poles until opposite the 
hare mains. Here they emerge, but no proper provision is made to 
jircvimt moisture running down through tlio holes. A very short 
downward bend of pipe would have been the best arrangement, or 
failing that a water-tight bush. 

“in addition to the incandescent lighting there ore two 3,000-G.-P. 
(nominal) are lamps—one over the band-stand on the Ohowrasta, and one 
on a 45-foot jiolo iu the market-plaeo. These lamps are run off special 
transformers, reducing the low tension mains pressure to that required 
for the lamps. 

“ The straining up of tlio mains was done by the rope-and-pulley 
method, as the linesmen were only used to that and could not grasp 
the principle of the di.aw-vico. The B.U.T. rules wore relaxed in 
the matter of crossing over reads and proximity to houses, for in the 
bazaar parts the roads are very narrow, and never go more than about 
lOU feet in a straight line; a single span will sometimes cross and rccross 
such a road at various angles. Considerable diliieiilt.y was found in 
avoiding the telegraph hues at a few points, but there has been no 
‘intoii'crencc’ at all since working started. 

“ A number of jirivate installations liavo been carried out, the heavy 
mains for tlieir supply being run on C.D.E poles of the same pattern 
as the smaller ones. The street-wiring is very little disfiguromout to 
the town, ciutainly no more so than (ho wiro.s of the Telegraph Depart¬ 
ment, and of course in a place so liable to landslips and heavy rains no 
other system was feasible. 

“ The excavation of the tank, &c., was begun in March 1897, and the 
street-wiring about two months later. Only one turbine and dynamo wore 
erected at first, and those wore finished and coupled to the circuit on 
November 9th. A trial of the pipes was made that morning and a 
few leaks were put right, then the turbine was tested and found satisfac¬ 
tory, and on the next night, November 10th, the installation was 
formally inaugurated by the Hon'ble C. C. Stevens, Acting Lieutonant- 
Qoveruor of Bengal. Regular running began on December 1st, after 
which there was no interruption to the supply of any importance ” 
until the cyclone 1 “ The second set of plant was erected in January 
and is kept simply as a stand-by in case of a breakdown. The controot 
hems of running are 7 r.m. to 6 a.m., but actually the plant is started 
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lip as soon as it begins to gel dusk, for tho benefit of private con¬ 
sumers, tho street-lamps being switched on just before dark.” 

Lu/litiiiiiij-firre4ers .—To tlu.s general desoription I will add a few 
remniis on spicial points. First, as to lightuing-arroslers, sevoral have 
boon tried with varying measures of success. About every half mile on 
the high tension lines there are two Wurts arresters in series, the pressure 
of 2,3U0 volts being greater than one is construoted to deal with. These 
lUTesters have three cyliud rs of an alloy which is not capable of main-., 
tiiiuing an aro; the two lino-wires aro connected to two of them and 
the third is earthed. Should the stress in either line become groat 
enough a discharge to earth occurs, but tho dynamo current is unable 
to follow, since tho aro eannut bo maintained. Ifcspite tho use of those 
arresters a transformer was twice ‘ burnt out ’ by lightning, so the 
American device of adding a ‘ kicking coil ’ wa.s tried with suceoss. 
Tho arrangement C’onsists in winding tho conductor itself into an in- 
duetivo coil of a few turns, just beyond tho arrestor. Ordinarily this 
coil hardly affects the working, but the oscillating diseliarge induced 
in the wire by a close lightning Hash caunot overooiuo the self-induction 
of tho coil, and so jumps the small air gap hetween the arrestor 
c}liuders. In addition to the.so dcvico.s a form of ‘ hirrl-cago ’ arrester 
was tried most successfully in the turbino house and olsowliuro. This 
consists of a conical sb.aiicd mclallio grating, coniiectcd to (ho line, 
placed within an inverted conical grating, connected to earth, as slmwii 



iir tho sectional diagram (Fig. 02). If a discharge takes jdaco (ho con¬ 
sequent arc is driven upwards until it breaks from excessive length. 

Calciitiition of conduitors .—AVe will consider next tho losses in 
transmission and the calculation of tiro conductors. It was siiecified 
that the plant should be capable of maintaiuing 200 IG-C.-P. street 
lamps and 1,200 8-C.F. lamqis in houses. 

Now 200 IG-C.-P. lamps at C4 watts require... 12,800 watts. 

And 1,200 8-C.-P. „ „ :j2 „ „ ... 88,100 „ 

Tire total power at tho lamps is therefore ... 51,200 „ 

Allowing about 4 per cent, for loss in the distributing network we 
find that tho transformer seoondary coils must be capable of giving 
53,000 watts between them. AVith an over-all elficionoy of 95 per cent, 
for the transformers—it was probably higher—tho power delivered to 
tho primary or high tension side of the transformers must bo about 
5G,000 watts. 

The transformers, three in number, were to bo supplied at a pressure 
of 2,000 volts nt their terminals and to transform it to 230 vobs. The 
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current will therefore be, on the low tension side> = 230 ampferes 
and on the high tension side = 28 nmpdres. 

Since the dynamos are of 65 kilowotts output the loss in transmis¬ 
sion on the high tension line is 9,000 watts, or about 14 per cent. The 
volts lost in the line at full load will therefore be or 320, and the 
dynamo volts 2,320. 

(2,320” X 28“ =65,000 watts.) 

Now the resistance of the line must by Ohm’s law belost 
volts divided by current) or (i.e., watts divided by the square of 
the current), that is, ir43 ohms. Its total length is about 12,000 yards, 
so we require a conductor whose resistance is about or 1-05 ohms, 
per 1,000 yards. No. 7 8.W.G. copper wire nearly fulfils the require¬ 
ment, its resistance being 1'0()6 ohms per 1,000 yards, which is 
increased to about 1'02 ohms for the hard-drawn wire used on aerial lines. 

The pressure on the L. T. side of the transformers is, as I have told 
you, 230 volts; the lamps are 220-volt ones, and the excess of pressure 
makes up for some of the loss in the distant parts of the network, while 
only giving about 4^ per cent, too high pressure to near lamps. 
Under the conditions of the contract the minimum allowable pressure 
was 210 volts, or, say, 4J per cent, below normal. 

The street lamp oirouits were mostly run with No. 12 B.W.G. hard- 
drawn copper wire, and the longer ones were generally so calculated 
that the maximum drop should not exceed 12 volts, giving an actual 
pressure of about 230-12, or about 218 volts. In calculating the wires 
for street networks, remember that the conditions are not the same 
as when dealing with feeders. For in a feeder the whole current 
traverses the full length, whereas in a street-lighting circuit the lamps 
are dotted along at intervals, and the total current only reaches to 
the first lamp. Where lamps are equally distributed on a pair of 
wires the actual drop in pressure is just half what is found by 0 x R. 

In the installation at the “ Shrabbery ” there are a number of 
lights in the grounds earned on trees. The brackets carrying the 
water-tight fittings are clamped round the trees, the wires being led in 
through proteotid apertures, and the mains supplying current to them 
are carried overhead from the street, concealed among the trees. 

Works Notes on Tests, & c . 

I cannot do better than finish ofi my lectures by giving you the 
benefit of some extracts from the note-books I have always made a 
point of keeping. It is more than probable that none of you will have 
to do the precise tests or use exactly the same methods that I describe, 
Imtthoy toI perhaps help you when similar oircumstances arise. 

TmIs of dymmot during manvfaeiure .—When a dynamo or motor 
is built, it is necessary to test whether it does what is required of it, 
and comes up to specification generally. The process begins at an 
early stage, for if errors are not rectified at first, they are difiioult to 
correct when the maohine is finished. As each magnet ooil, main 
or shunt, is wound, the resistance of it is taken, to see that it comes 



98 


l.UCTUUES OK 


approximately to tlie calonlated value. The first or ‘ alternator test ’ 
of the armature occurs when the windings are on, but before the 
oommutator is fitted. Taking, as an example, a continuous current 
armature having (iO coils, the start of one coil and finish of the next are 
successively coupled together all round, ready to connect to the com¬ 
mutator. A certain number of the cods, say G, are now disconnected 
from the rest and a small current from a fairly low-volt testing alter¬ 
nator is sent through these C coils. Tliis induces an E.M.F. eleven 
times as great in the remaining series of cods, and if there is a 
defective coil, with a short circuit, it will burn uj). The jiroeess is 
repeated at one other point so as to give the six coils the same test as 
the rest have liad. 

After the commutator has been connected u]>, the ‘galvanometer 
tost ’ is made to s(m tliat the coils and connecitions from one coiumuta- 
tor segment to the next are nil equal. Two wires are placed along 
exactly opposite segments and hound on with tape, a current being thus 
jinssed through the two halvos of tlie ariuatiiro in ]iarn!li'l. 'I'wo otlicr 
wires ore connected at one end to a galvanometer, end the other cuds 
are then jmt successively in contact with each adjacent ]iair of seg¬ 
ments. .The deflections (duo to the fact that there is a small differ¬ 
ence of potential between each pair) should nil ho c(]ual,an(l any smaller 
than the rest is probably due to a hiidge of .solder having ]iaitiully 
short-circuited the segments, or to n badly soldered comicction. (I f 
the deflection produced is too great to read citlier the current can ho 
reduced or the galvanometer “shunted’' hy a resistance.) 

When the parts arc complete and put together, a high-volt ‘insu¬ 
lation test’ is taken. Two wires are brought from a testing transformer, 
having a potential difference of 1,(100—111,090 volts hctwcoii lliem 
according to the nature of tlie machine under (e.st. One is connected 
to the hed-qilate or spindle, and the other is (oiulied on to the commu¬ 
tator through a long thin fu.'C. If all is well, there will only he a 
static di.scliurge of sparks, and the fuse will not rupture. The magnet 
coils are then tested in the same way. 

of complied nmeltiim. —'J’iio next thing is to te.st the 
machine itself uuder working conditions. Whether dynamo or motor, 
it i&usual to keep it-at fullloail for about six hours, and then to “run 
it down,” that is to say, reduce the ioad and lake the necessary readings 
at each. The following points must ho looked to:—the machine should 
run sjiarklcssly at all loads; the armature should run perfectly true; (he 
bearings should keep cool, and the temperature of no ]iart of the 
machine should be excessive at tlie eud of the run. It is usual in 
England to specify an allowable rise of 70' above the atniospherio 
temperature, but this allowance is distinctly too high for the plains of 
India, and 50' would be better. 

The procedure when “ running down ” a machine difiers of course 
according to its nature, and I shall describe this for each type, giving a 
‘oharaeteristic curve’ of an actual machine as an illustration. ‘Taking 
readings ’ in each case implies a simultaneous determination of volts, 
amperes and speed. 

Seriet vound generator {cloud coi/).*-Take readings at the correct 
(full load) volts and amperes, sotting the brushes in the most favourable 
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position. Then, without again shifting the brushes, increase the load 
above normal some 50 or 60 per cent., to find the droop of the curve, 
and after this take lower readings at ^ and 1 load, keeping speed 
constant. Note that in a series machine the external circuit must be 
switched on to start with, since there will otherwise be no field. For the 
same reason it is evident that a ‘ no-load ’ reading cannot bo taken. 
The oharacleristio curve is obtained by plolting the E.M P., corrected 
for constuut speed, again.st the current. The curve sliewn is that of an 
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»ot sc:rie.,-wound geiioi'iilDl'. 

Fig. 63. 

arc lighter giving 15 ampere.^ at 300 volts when diuveu at 1,580 revolu* 


tions a minute. The 

actual readings taken were as 

follows:— 

Kj'Cutl. 

Am['prc8. 

'IVruunjU volts. 

VoitH correHeci to 
i,5S0 hiicecl. 

1,614 

1,680 

160 

315 

808 

20 0 

303 

303 

1,620 

22 6 

307 

300 

1,550 

140 

2.97 

803 

1,554 

10-0 

301 

306 

1,600 

6-8 

280 

286 

1,564 

4-3 

250 

259 


To plot the E.M.F. “ corrected for apjoed ’’ is necessary, since it is 
never possible to keep this latter absolutely constant. 

OorrOcted Obso.rv ed E. M, F. X ffiiwt mwpfl. 

OhjkTved gjwed. 

Speeds are taken by a counter, for half a minute in each case; 
meanwhile volts and ampieres are read on the potentiometer. 

Shmt-wonnd gi'itiralor .—Take readings at correct volts and ampdres 
and then reduce the load gradually to zero, keeping tire speed constant 
and letting the volts run up. Plot the curve of E M.P., corrected for 
speed, agaiust the current as before. The curve (Fig. 64) given at the 
top of the next page is that of a machine giving 116 volts 45 amperes 
at 1,200 revolutions, the actual readings being ns follows:— 


Speed. 

Ainp^ros* 

Terminal volts. 

Volts corrected to 
1,200 speed. 

1,164 

45 8 

Ill 

113 

1,148 

20 5 

114 

119 

1,122 

0- 

123 

131 
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Curve of shnut-wound gencTutor. 

Fig. 64. 

Compound-tronnd generator .—Take readings at correct volts and 
amperes; then reduce current, keeping EM.F. constant by altering, 
if necessary, the speed. Plot the curve of E.M.F., corrected for speed, 
against current. The curve shewn is that of a machine giving 100 volts 



Curve of oompound-wound gcnctaloi. 

Fig. es. 

48 amperes at 1,450 revolutions. You will notice that it ‘com¬ 
pounds up’ some 6 volts at full load, just as the machine for our model 
installation [vide Lecture 4) would have had to compound up 3 volts 
in order to compensate for the loss in the main. The actual readings 
under test were as follows 


Speed. 

AiBiitres. 

I'ertninol Yolts. 

Volti corrected to 

1^470 S{K!Od. 

1,468 

60-7 

100-7 

100 9 

1,470 

460 

100 7 

100 7 

1,480 

26-3 

99-6 

990 

1,504 

164 

100-8 

99-0 

1,654 

0- 

1000 

91-6 
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• In making tests of any of the foregoing, the machine would be 
driven by belting from the works’ engine {or in electric motor), except 
in the case of dynamos for direct coupling, which are run with their 
own engines as a rule. Very large sets will sometimes be run at 
full load, for 24 hours, though 6 hours is generally sufficient. The 
current is absorbed by water resistanoes or by largo resistanoo coils, 
which are generally built up of spirals of band iron to give a targe 
heating surface. Series-parallel switching arrangements will be coupl^ 
so as to give a wide range of regulation, and the current will also 
pass through a standard resistance to enable mea.suremente to be taken 
on the potentiometer. 

Coming now to the oonsidoratiou of those types of maohincs when 
tested as motors, they are then loaded ui> by being coupled to a 
dynamo, whose output regulates the load. 

Serin-wound motor .—To couple up a scries generator to run as a 
motor the only thing neocssary is to cross the brush leads; the rotation 
will then retain its original direction. In taking the tost, take readings 
at full load and correct E.M.F., then reduce the load until the motor is 
“running light” (i.e., merely rotating, without driving anything; the 
belt being thrown off), keeping the E.M.F. constant all the time. 
Plot the curve of speed, corrected to constant E.M.F., against current. 
The curve I give you is that of a machine with an input of 450 volts 
10 ampiiros, which, with 87 per ceut. commeroial efficiency, gave 5;{ 
B.II.P. at 850 revolutions — 
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Curve of soriBs-Wound motor. 

Fig. ee. 

The actual readings under test were as follows:— 


Spoedt 

Atup^rds. 

Temilnal volts. 

BlTeofl cdrrecU'd Id 
450 volts. 

740 

14-3 

451 

738 

800 

10-6 

427 

842 

1,030 

7-4 

4?2 

083 
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Shunt-wound motor. —A. shunt dynamo will run equally well as a- 
motor without any altorflition of the connection whatever. In testiug, 
take readings at about 20 per cent, above normal full load and at correct 
volts, tlien reduce load gradually until machine is running light, keep¬ 
ing the volts constant and letting the speed run up. Plot the curve of 
speed, corrected to constant E.M.F., against cuiTont. I give you the 
curve of a little i B.II.P. shunt motor, with an iuput of 100 volts 
3 amperes and a speed of l,6l0 revolutions:— 



Curve of slimil wound motor. 

Fig. 67. 

The readings under test were us follows 


pcod. 

Aiiipcres. 

Tormiii.il volt'-. 

Spi'od < 01 ft-cf 

100 Volta, 

1,680 

3-0 

102-5 

1,010 

1,718 

2 1 

1010 

1,700 

1,786 

1 0 

102 - 

1,750 


Compound-wound motor .—In (ioupling a ciimpound-wuunJ generator 
to work as a motor it is nocossury to cross tho hruNli loads in order to 
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Curve of compoiiud'Wouud lUOloK 
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alter the maia ooila, and also to cross the shunt leads in order to bring 
them back to the same conditions as before the brush leads were aiter^. 
In testing take readings at full load and correct volts, then reduce 
load imtil madiine is running light, keeping volts constant and letting 
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speed ran np as before; plot the curve of speed, corrected to constant 
bj.M.F., aj^inst current. The curve of a 2 B.H.P, compound motor is 
shewn in Pig. 6tt, the input being 220 volts 10 amperes and the speed 
1,450 revolutions. The readings on test were as follows 


Speed. 

Am{)^reB. 

Terminal volts. 

Speed corrected to 
220 ToltSs 

1,452 

101 

222 

1,440 

1,504 

7-6 

223 

1,400 

1,620 

4-3 

220 

1,620 

1,700 

12 

222 

1,685 


In the curves of series and shunt motors you will notice that the 
characteristic shows a fall of speed in each ease with increased current. 
The compound motor therefore naturally combines the two, and also 
shows a drop in the same way. Evidently, then, if we set the main 
coils to act against the shunt we can get a machine that will keep its 
speed constant under all loads, and such a machine is called a 
dip'orentinllji irouiid motor. Only a very few turns of the reversed 
main are needed. Such motors nrc tested in the same way as compound 
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Fig. 69. Curve of dilterfnliiilly wound motor. 

motors. 1 have no actual tost to show you as an example, hut the 
subjoined curve (Fig. 59) explains what hujipens. 

When a machine is sent out from the works a characteristic curve 
will usually bo sent with it, and also some of the test readings, and 
for guidance in the design of similar machines various particulars are 
also worked out on the works’ test-sheets for record. The following 
formuliin are in some cases obvious, hut thoir inclusion here is, at 
least, harmless. 


In di/H<mm — 

i. j II obsorted volts X correct speed. 

Corrected volts = ■ - - speed. ' ' ‘ 

Brush volts = (Urn. hot x external current) + terminal volts un- 
correctod: where Em. is the resistance of the whole main winding as 
coupled for test. In a shunt machine this factor is absent and there¬ 
fore Brash volts = terminal volts unoorreoted. 

Shunt current = brush volts -5- shunt resistance. 

Armature current = External current 4- shunt current. 

Armature volts thrash volts + (resistance of armature hot x armature 
current). 
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In motom — 

Corrected speed 

Brush volts = terminal volts uncorreoted — (Rm, hot x external 
current). In the case of shunt motors, Brush volts = terminal 
volts uncorreoted. 

Shunt current as in dynamo. 

Armature current = external current—shunt current. 

Armature volts = brush volts — (resistance of armature hot x 
armature current). 

For both motors and dynamos the “ampere-turns” on one arm 
of the magnets for either main or shunt are determined as follows:— 

If all coils are in series, multiply current by total turns of wire 
on one arm. 

If there ore two coils only, and in parallel, multiply J the current 
by total turns of wire on one arm. 

If there are four coils, all in parallel, multiply | the cuirent by 
total turns of wire on one am. 

If there are four coils, two series, and two parallel, multiply J the 
ourrent by total turns of wire on one arm. 

Ukc/vI memoranda. —There are many factors that should be borne 
in mind in designing or using a dynamo, and the following are woith 
jotting down:— 

To allow for the thickness of insulation on a conductor— 

For double oottou covering on square wires add 'OS inch to tlio diumetcr. 

., I. ri>und ,, '02 ,, ,, 

,, single .. j, 01 ,, 

„ doable silk „ „ „ '008 „ „ 

Prom these figures it is easy to work out the number of turns of a 
given insulated wire which can be wound per inch of available width. 

In a ring-wound araature the number of commutator parts must 
be an integral multiple of the number of radial ams, otlierwise the 
turns will not go on evenly, and the armature will be out of balanco. 

If there is more than one layer of wire, except in sunk winding, the 
turns per section or coil must be an integral multiple of the number of 
layers, or tire winding wdll not bo mechanically firm. 

The maximum output in watts of an armature varies as the length 
of the core and as the square of its diameter. 

There are many rules for finding the direction of a current and 
its magnetic eSecd, &c., of which I give you three useful ones. 
Suppose you have a curreirt passing in a wire, and you wish to know the 
direction in which it is travelling; place a small magnetic compass 
under the conductor, pulling the latter round until more or less in 
the magnetic meridian. The north pole of the needle will be deflected 
‘clockwise’ if the current is travelling from north to south; to fix this 
easier in the mind Crompton put it in the form of a mnemonic rule, that 
current entering at South turns North seeking pole Over to West, 
and recollection of the word ‘ snow ’ formed by the four index letters 
will always at once bring hack the rule. 
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If you have a solenoid and require to know in which direction its 
magnetic pies will be, when energis^ in a given direction, the simplest 
rule is to imagine you are swimming with the current from the psi- 
tive to the negative pole, when the north pole will be on your left hand. 

Then there is Fleming’s most useful rule for finding the direction 
of the induced current in the revolving armature of a dynamo. Hold 
the first and second fingers and tliumb of the right hand at right 
angles to one another; let the fore-finger lie in the direction of the 
lines of force as found by a compass (FORe and FORce), and let the 
thumb point in the direction of motion of the conductor at the moment, 
(thuMb and Motion), then the direction which the middle finger takes 
is that of the induced current (Induced and middle). When the 
direction of the current is found, remember that in ilie armature the 
current flows from the negative brush to the positive. The rule is 
applied in a similar manner to find the direction of rotation of a motor 
armature, but the left hand must be used in place of the right. 

This is a particularly useful rule in an electrical drawing-office, 
and I made a little folding pocket apparatus on tho same principle of 
which I give an illustration. It has throe arms: When not in use the 
one representing motion will fold down fiat on to that representing 
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lines of force, wliile that representing current slides in between the 
other two; in use the current arm will open out either to left or right, 
for motor or generator. 

Cakii/fiiioH of s/innfs.—I will now give yon the formula) employed 
in calculating a shunt winding for a dynamo, and a fully worked out 
example. The shunt coils in question were required to give about 
6,0U0 ompere-tums por arm with potential difference of 60 volts. The 
magnet bars in this case were in cioss section and the 

‘formers’ or spols are always jnst large enough to slip easily on to 
the bars. The total depth of flange available for wire was 1^' and 
the width between flanges S'*. Tnose two quantities are known as dte, 
(depth of winding) and /w. (length of winding). As a rule the total 
available c/w. is not utilised, and iu the present instant T1 was the 
actual die. taken up. There were two formers only, and they were to be 
coupled in series. 

Now the first thing to be done is to find out what will be the average 
length of one turn of wire when tho former is wound, for of course the 
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inBide colls are sliorter than the outer ones, and we require the mean 
of the whole lot or ml. (mean length). The actual periphery inside the 
former will bo twice the periphery of the bar, plus an extra amount 



Fig, 72. Fig, 73. 

for the air space and insulation of the ‘former.’ The latter factor may 
be taken as almost constant, say 2 inches generally. Therefore ml. of 
lowest layer=2(5J+4)+2 inches or 21 inches; with any given depth 
of winding we must add tt dw. to this to find the mean length." 

Oilr ml. will then be— 

2 (5i + 4) +2 + 3T4xli=:19+2+3-45=24*’‘4.'),or‘68yaTd. 

The area of the wire required ia now found as follows 

j_ _ •(KI0028X ml. in yards x nmper**-tnrnf» per ami roqum'd 

aTcu K. M. F. ovor one former * 

■0000277 is, you will remember, the resistance of 1 yard of pure copper 
1 square inch in section at the working temperature of a dynamo; 
we have just found the ml.-, the required ampere turns are 5,000 
per arm and the E. M. F. over one former is half the total, or 30 volts. 
Working out the above calculation wo find that s=-00318 

square inches is the required area of the wire. Now if we wound up to 
the right depth with No. 16 8.W.W., the area of which is '00322 
square inch, the result would be near enough practically; but in the 
present case the only wires available at the moment were '060 diara. 
and ’070 diam., the one too large and tlio other too small, and a suit¬ 
able combination of these two had to be found to give the right ampere- 
turns— 

•060 area '00283, turns per inch 12'4 
'070 „ -00384, „ „ 11.0 

The turns per inch were obtained from the figure for thickness of double 
cotton covering (p. 104), this being the usual insulation for magnet 
wires. From these we can find out at once how many layers of wire can 
be put into I'l inehes ofrfw., andhow many turns there will be of 
each sized -wire in an Iw. of 8'5 inches. Whichever size of wire is used 
about 13 layers can be wound on, since average turns per inch x </«’.= 
layers, 12 xl'l=13. Now the '"060 diam. wire is the nearest 
to the size we require, so there must evidently be more of that than of 
the other. It is a matter of trial and eiror to find the proportion 

• You will tee how this ia arrived at by a cirriHidcration of the figure (on this )iage) 
whore the dotted lino represents the middlo layer of wire, tho four comer arcs—drawn in 
full Hrios^ropreseiiting the excess of length orer Iho bare poripbory of the former. Theeo 
four arcs together make up a circle of thu radius of bitlf dir., and Tt times the full dw, gives 
the length ol the four arcs. 
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of layers, but in ibis instance the best result is given with 8 layers of 
•*’060 and 5 layers of •"070, giving depth of winding of •'05 and 
•'43 respectively. 

The turns per layer 8’5 in. length will be— 
for -'060 ... 12-4x8'5=104 
for -"070 ... 11-5 X 8-5= 95 


and the total turns will be— 


for •'060 
for -*070 


8 layers 882 turns 
5 „ 475 „ 


total 1,307 turns. 


We must now find the mean length for each size of wire, assuming 
the •'OCO to be wound on first— 


ml. of •"060=19 + 2+ 65 x 3-14=23'03=-64 yards 
„ „ •'070=2a'03+-43x314=26-41=-7()5 „ 


The resistance of the shunt (Rs) is— 

(^(128 K w,f. in_j'Hrds x tntal turns 
area of wiio in si|uare incites 

or for the •'060= “''^;^-^-® =5-28 ohms hot, and for the -'070= 

Rs for the two formers in scries =2(5-28+2-45) =15-46 ohms hot. 

(Instead of the above constant '000028 we can use -0000245 to find 
the cold resistance, which works out to 137 ohms for the 2 formers.) 
Shunt current (Gs) amperes. 

The total effective exciting iwwcr of the shunt is then 2 x Cs x fotal 
turns per arm = 2 x 3'89 x 1,307 = 10,200 ampero-tums, or 5,100 
ampere-tums pa- arm, which is sufficiently near to the requirements. 

There aro one or two other points to be cleared up before leaving 
(his subject. Thus having two wires of different size we must see that 
the smallest can convey (he whole shunt current without damage. 
Current Density1,370 amperes per square inch in the 
•'OCO-wire. This is quite a reasonable allowance in a shunt winding. 
Next let us see what weight of wire is required. 

AVeight = area x ml. in inelus % number of turns X '32 x num¬ 
ber of formers (’32 is a constant, the weight of a cubic inch of pure 
copper being '3212 lbs.) 

AVeight of -'060 = (-00283 x 23-03 x 832 x -32) 2=351b8. 

„ „ -'070 = (00384 X 26-41X 476 X-32) 2 = 30 „ 


Totol ... 65 


This C5lbs. represents pre copper; the double cotton covering adds 
some 8 per cent, to lae weignt in this size of wire, so the actual total 
will be about 701bs. 

Lastly, we must see that there is sufficient radiating surface to 
dissipate the heat generated in the shunt. The outside surface of the 
wire will be the periphery x he. 

Periphery =19+2+(3-14x M) 2=27-'9, 

Therefore surface =27-9 x 8-5=237 square inches- 
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The total watts lost in heat in each former are found by W= C^'B. 

C^R = 3 89^ X 7'73 (total resistance of one former hot) 
=l617x 7-73=117 watts. 

Therefore the watts per square inch surface are ~ =-49, which, 
though rather high, is not excessive. With the same amount of wire 
wound on a longer he, and with a smaller dw. the figure would be 
reduced, since the surface would be increased and the watts kept practi¬ 
cally constant. 

Calculation of starting resistances .—1 have previously given you an 
example of a “ shunt resistance ” for bringing down the volts of a 
machine. I will now give one of a “ starting resistance ” of a motor. 
If a motor is suddenly switched fully on, there is practically a short 
circuit for a moment, since the full E.M.F. is thrown across the low 
resistance of the stationary armature. As soon as the speed begins to 
rise the armature generates an E.M.F. opposed to that of the circuit, 
which prevents the high initial cuiront from being maintained. The 
starting resistance fulfils the function of the back E.M.F. until the 
latter has had time to come into existence, and it is necessary for two 
reasons, namely, first to prevent damage to the motor, and, secondly, 
to prevent a sudden flicker in the lights on the circuit, owing to the 
momentary drop in pressure on the mains. Tliis is accomidislied by 
having a resistance in the external circuit at the time of switching on 
and reducing it gradually as the speed rises, until it is done away with. 
The diagram shews the arrangement in the case of a compound motor. 



With the switch in the position shewn on contact 1, the shunt circuit 
is closed and the machine is therefore excited; when the niovablo arm 
M. is put on contact 2 the armature and main coil circuit is closed 
through the three coils of resistance, which are calculated so that not 
more than about double the normal current can get through in the 
first rush. Contacts 3 and 4 each cut out one coil, and contact 5 puts 
the motor direct on the mains. The long tongue on M. continues 
all the time to make connection with contact 1 and thus supply the 
shunt. Now the motor in this case gave 2 B. H. P., the input Wng 
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220 volts and 10 amperes. Allowing 20 ampferes at starting the total 
resistance must be -Vtt’- =11 ohms. Of this the armature was I'd 
ohms and the main winding ‘3 ohm, so the starting resistance had 
to be altogether 9'3 ohms, divided into throe equal sections of 31 ohms 
each. As the 20 amperes is only momentary it will be sufiTioient if 
the platinoid carries, say, 14 ampwres, and with these figures the size 
and length of wire can be worked out as in the case of the shunt 
resistance. I may here call your attention to the fact that the shunt 
ih this diagram is known as a “ long shunt,” to distinguish it from 
the “ short shunt,” which is coupled across the brushes only and does 
not take in the main. 

Central ulalion curves .—I have some “ curves ”* to show you, taken 
while I was at the contra! station of the Hove Electric Light Com¬ 
pany; they illustrate excellently some of the usual conditions of 
central station supply, though the different conditions of latitude, 
temperature, and climate generally, would modify them in this country. 
The curves are some six years old, and as the Company was theu 
fairly young it has long ago outstripped the modest totals of those 
days, tJiough the shape of the curves probably remains sensibly the 
same. 

First, we have a set showing weekly, for two whole years from the 
original start, the units generated in the station and those recorded 
on the consumers’ meters, together with the cost iu pence per unit, 
the total lamps connected, and the lbs. of coal used per unit (Plate 3). 
It needs no explanation for you to see that as the output of the station 
increases the price per unit diminishes, since the cost of management, 
labour, interest ou capital and other standing charges remain practically 
constant, while even the variable items, coal, &c., are used more 
pconoraioally when there is a largo output. The vertical distance 
between the two output curves in any case represents to scale the units 
“ lost, stolen or strayed,” chiefly lost in the mains. Similar curves here 
in Calcutta may not show such a very great difference between cold- and 
hot-wiather outputs, since the difference in the hour of sunset is not 
nearly so marked, but this will perhaps be balanced by the great influx 
of visitors and cold-weather residents. 

The next curve (Fig. 7-r) is a typical one ot the daily load iu the 
English winter, showing the total amperes (at 110 volts) hourly, and 
the total terminal volts (3-wire system) during the heavy lo.ad hours. 
You will notico tho current curve rises soon after G-30, when people begin 
gelting up, keeping at a steady maximum from 7-30 to 8 a m., when tho 
sun rises, and thou dropping rapidly. Soon after 3 p.m. there is again 
a rapid rise, culminating at about G p.m., when both houses and shops 
are on together. This particular cose happens to bo for the day before 
Christmas, but ordinarily the peak comes at the dinner hour on week days 
and about the end of church time on Sundays. After this tho current 
drops rapidly as tho shops close, there boir.g only a temporary revival at 
about 9 P.M., when the houses are at a maximum, since both dining¬ 
room, drawing-room and bed-room lights are often on simultaneously. 
This curve shews how very low tho ‘ load factor ’ is, and illustrates the 

• Th© fifjuros ar© not actunlly curves, but tUaprams^ since tho tirawing of a 

‘ mean curve ’ would spoil the characteristic fcftturca iu s,yino caster. 
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funotion of the battery (referred to in Leoture V) of cutting ofi the peak 
of the curve. The second curve gives the rise of the E.M.F. at the 
dynamo terminals, and of course closely corresponds with the current 
line. The noticeable thing about this curve is the lowness of the “ day 
load,” though in the hot weather this is more remarkable still. In 
this respect Calcutta will prove very difierent from England, since the 
extensive use of rotary fans will ensure a steady day-load throughout 
about nine months in the year. 

Engines and dynamos have to be provided of sufiSoient power to 
take nearly the maximum load (except that the battery cute oS a little 
at the peak of the curve), and the most economical working would be 
obtained if they were working always at full load. The ratio between 
their actual daily output and their maximum output is called the 
“ load factor,” and upon the largeness of this factor the economical 
working of the station depends. Hence the groat value, from the point 
of view of the supplier, of a day-load, such as the supply of power to 
motors for rotary fans, &c. 


p-- — 

t 

'n. 





! 0,0 no 



— I 



KiOmSrt: 


tig. 16 

Evidently it is the works which supply power for industrial purposed* 
not merely lighting, which have the best chance of a good load factor, 
and as an illustration of this I am able to show yon a most interesting 
load curve taken from a recent number of “ The Electrician.” It 
indicates the total load, on December 10th, 1899, at the works of the 
Niogara Falls Power Company and shows a load curve which must be 
the envy of every other similar undertaking in the world. It will be seen 
that throughout the whole 24 hours there is a nearly constant load of 
from 20,000 to 24,000 kilowatts, and this uniformity of load has been a 
feature of the concern sinoe it started some eight years ago. When I was 
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there in the winter of 1894 there were two generatinff sets working, 
while a third was in course of erection; now there are ten sets ereoted, 
and preparations are being made to commence a new station for ten more, 
each consisting of a two-phase alternating oniTcnt dynamo coupled 
direct to a 6,000 horse power turbine. Of all this immense power the 
largest consumers are the Union Carbide Company, who hare jnst laid 
down works, close to the power house, for the manufacture of Carbide of 
Calcium—used, ns you know, in the production of the latest rival 
illuminant to electricity, acetylene; these works utilize some 15,000 
E. H. P. constantly. Other uses of the power are for manufacturing 
aluminium, carborundum, &c., in works close by, while a large amount 
is transmitted a distance of 25 miles to Buffalo. A somewhat similar 
scheme, sensationally talked about in the Press as “harnessing the 
Cauvery,” is, I believe, taking shape in India at the present time. 

The last two figures, with which I conclude my lectures, shew the 
units generated every day of the week both at Christmas time and in 
an ordinary week. In both cases you wilt notice that Sunday gives 
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much the lowest result, bat Christmas Day and the holiday following 
it are also Very low, as the shops are not open, white the day before 
Christmas gives the highest aggregate figure of the year as a rule. 

I have now come to the end of my remarks, and trust that you have 
gathered some hints which will prove useful to you in your subsequent 
work. I think I have erred on the right side in being too elementary 
rather than otherwise, for it is attention to small and simple details ths^ 
makes for success just as disregard of them inevitably spells failure. 



